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GARY L. VINYARD
Richard W. Rust and Deidre Vinyard
Editor’s Note: This issue of the Western North American Naturalist is dedicated to Gary L. Vinyard, professor
of biology at the University of Nevada–Reno and major contributor to conservation of Great Basin organisms and
systems. Gary died in 1998, age 49, at the height of his professional career. Articles in this issue were submitted
by professional colleagues as well as former students of Dr. Vinyard. Some authors were involved in research
with Dr. Vinyard at the time of his death; their papers represent results of their studies. Other authors were
invited to submit articles detailing past or present research. All felt a desire to honor Gary for his personal and
professional contributions.
The following biographical sketch was compiled by Richard W. Rust, a colleague and friend at UNR, and
Gary’s wife, Deidre Vinyard.

Gary L. Vinyard
1949–1998
Professor of Biology
University of Nevada–Reno

Gary L. Vinyard began his academic career
as a biologist in 1967 at the University of
Kansas. However, both of Gary’s parents recall
his early interest in natural history and science.
He completed a bachelor of arts in biology
and anthropology in 1971. During his undergraduate career he began his world travels
with a 6-month educational trip to Australia
and the Australian National University in 1970.
Immediately upon graduation he began his
doctoral studies at the University of Kansas
under the mentorship of Dr. W.J. O’Brien. He
completed his Ph.D. 6 yr later with his dissertation, “Analysis of preference and accessibility as determinants of prey selection by the
bluegill sunfish, Lepomis macrochirus.” In addition to studies on bluegill predation, Gary’s
dissertation studies took him to India where
he studied invertebrate predation on Daphnia
carinata.
Even before completion of his dissertation,
Gary began his professional career as a visiting assistant professor at Oklahoma State University in 1976. From Oklahoma he traveled to
Montana, where he was an assistant professor
at the University of Montana in 1977. In July
1978 he joined the Department of Biology faculty at the University of Nevada–Reno, where
he spent the next 20 yr as a researcher, educator, colleague, and friend. Gary had an active
professional career. He published 43 scientific
papers and an equal number of reports and
reviews, generated over $2 million in research
grants, and had 21 graduate students complete
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advanced degrees under his supervision. Gary
was a member of a variety of professional societies: American Society for the Advancement
of Science, American Fisheries Society, American Society of Limnology and Oceanography,
Animal Behavior Society, Desert Fishes Council, Ecological Society of America, International Society for Behavioral Ecology, Sigma Xi,
Society for Conservation Biology, and 5 professional regional advisory committees.
Dr. Vinyard was an excellent educator. He
taught 16 different courses at the University of
Nevada, 8 of which were taught on a regular
schedule. His undergraduate courses in aquatic
ecology, ichthyology, and animal behavior were
challenging courses offering both lecture and
laboratory experiences for students. Gary presented lectures with such enthusiasm that many
students were attracted to him. In the classroom his greatest contribution was his ability
to communicate to his students his intense
enthusiasm for biology. The joy he felt for his
work attracted many students to his laboratory,
some of whom switched their specializations
to aquatic ecology so they could work with him.
Although he set high standards for his graduate students, he kept equally high his faith in
their abilities. Gary could see the potential in
every student and believed that all students
should have the chance to experience independent study. He was known for his multi-colored
chalkboard illustrations of fish capturing daphnia or daphnia escaping fish, Great Basin pluvial lakes and drainage patterns, and character
differences of various fish families—all drawn
without the assistance of notes.
But Gary’s real teaching excellence was in
the laboratory or in the field. He presented
stimulating and creative laboratory exercises
and was always incorporating the latest technology into his exercises and field courses.
Gary made sure that all students participated
in every aspect of a laboratory or field exercise, from simply throwing the anchor overboard to secure the location of the boat, to the
proper entry of a data set into statistical software for analysis, to the preparation of figures
and tables for oral presentations. His field trip
menus were famous. Canned fishes and invertebrates washed down with warm beer were
the standard fare for lunch, and his camp chili
and coffee were big hits whenever they were
served. In the field, Gary was a master at
improvisational exercises, whether they were
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behavioral measurements of successful mating
attempts and territorial defense in pupfish or
population estimates of tadpole shrimp in a
flooded playa. He had the naturalist’s sense
and knew how to collect meaningful data that
would allow hypothesis testing. At the graduate level, Gary mentored 21 graduate students.
Fifteen completed research theses, 5 doctoral
degrees and 10 master’s degrees; 6 were nonresearch master’s degrees.
Gary’s laboratory, to the first-time visitor, was
“Fibber McGee’s closet.” But to his students
and colleagues, his laboratory was a naturalist’s paradise. There were aquaria filled with
green slime, filamentous algae for various herbivorous fishes, aquaria filled with different
species of Great Basin fishes, snails, and aquatic
insects for study and analysis, aquaria designed
with pumps and baffles to produce stream flow
parameters for testing both predator capture
rates and prey escape patterns. Supporting all
the aquaria were numerous aeration tubes,
electrical wires for lights, pumps hanging from
support frames suspended from the ceiling,
and “miles” of PVC pipe. Gary was a master of
PVC plumbing and water movement. If someone wanted an aquarium with a particular pattern of surface flow and currents, Gary could
design and build it. Holes cut into the ceiling
allowed cameras to be mounted to record the
activities of aquatic predators and prey under
study. There were numerous computers, printers, and other electronic data-processing apparatus, many designed and built by Gary, all
wired together for recording, analyzing, and
printing figures and tables of the data being
monitored. Gary’s laboratory also supported a
variety of other organisms: terraria with desert
tenebrionid beetles, culture vials with different morphs of Drosophila, and a variety of
snakes and lizards. If one needed a tool, a piece
of scientific equipment, or assistance with its
repair, it was available in Gary’s lab. Gary’s laboratory was also a meeting place for students
and colleagues, and Gary always made time
for conversation and answering questions.
Dr. Vinyard’s research with aquatic organisms began with the analysis of feeding behavior in fish species and prey species escape.
His 1976 Ecology paper with W.J. O’Brien is a
classic in analysis of fish feeding behavior.
Gary and his students continued this avenue
of research with another 16 papers. In 1980,
Gary began 6 yr of research projects in the
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Middle East, beginning with a joint IsraeliEgyptian project, working with Egyptian scientists on Lake Manzalah and Israeli scientists
studying Lake Kinneret. This first project,
funded by AID, was followed by an NSFfunded project exploring the effects of blue
tilapia and Galilee Saint Peter’s fish on the
plankton community of Lake Kinneret. Gary
next began working in 1992 with the U.S. Forest Service, U.S. Fish and Wildlife Service,
and Nevada Division of Wildlife on the recovery of Lahontan cutthroat trout. This research
with his recent graduate students has contributed to the conservation of the species.
Gary also contributed to the conservation of
the cui-ui and the desert dace. He was an active
member of the Desert Fishes Council, a society dedicated to the study and conservation of
desert fishes. At the time of his death, Gary
was working with the U.S. Environmental
Protection Agency on a major monitoring project of aquatic life and aquatic parameters in
the Humboldt, Muddy, and Walker River drainages in Nevada. Gary’s research travels and
collecting throughout the Great Basin brought
several new species of unusual aquatic organisms to science. Two of these have been named
in his honor, the freshwater snail Pyrgulopsis
vinyardi, and the freshwater spring ostracod
Cyclocypris vinyardi. Gary knew and appreciated these unusual aquatic organisms. They
were just as important to him as were the
better-known fishes.
In addition to Gary’s academic abilities and
work, he was a husband, father, and most of all
a good friend. For Gary, work was his life, and
his life was to be lived to the fullest, every
minute and every day. To be with Gary in the
Great Basin Desert sitting around a sagebrush
campfire, drinking strong, black coffee laced
with dark rum, and discussing results of the
day’s activities, or talking about biology and
science, or philosophizing about the nature of
life was to experience and enjoy Gary at his
very best. At the time of his death, Gary was
recognized as the major contributor to the conservation of Great Basin aquatic organisms and
systems. He knew aquatic organisms extremely
well. Those of us who knew him realized this
was possible because he could think like a fish.
His work and presence will be sorely missed.
We thank him for everything he offered to his
family, students, friends, and most of all to the
fishes of the Great Basin.
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STUDENTS OF
GARY L. VINYARD

TRISH DOWNER, M.S. 1981. Schooling behavior of youngof-the-year tui chub, Gila bicolor (Girard).
KIM KRATZ, M.S. 1983. An analysis of prey selection by
the Paiute sculpin (Cottus beldingi): an ambush
predator.
RENE MAGRINI, M.S. 1985. Non-thesis.
PHIL JOHNSON, M.S. 1986. Filter feeding by the Sacramento blackfish (Orthodon microlepidotus): empirical observation and a predictive model.
DANA WINKELMAN, M.S. 1987. An analysis of gyrinid (Gyrinus picipes) foraging behavior: observations and a
tactical model.
PETER RISSLER, M.S. 1988. Non-thesis.
STEPHANIE BYERS, M.S. 1989. Plankton community impacts
of a filter-feeding minnow, the Sacramento blackfish
(Orthodon microlepidotus).
DONNA RANDALL, M.S. 1989. Non-thesis.
DON SADA, PH.D. 1990. Factors affecting structure of a
Great Basin stream fish assemblage.
DOUG YOWELL, M.S. 1990. An energetic analysis of blue
tilapia (Tilapia surea) feeding strategies: evolution
implications.
JIM CALL, M.S. 1991. Non-thesis.
TOM KENNEDY, M.S. 1995. Stream ecology of Warner sucker
(Catostomus warnerensis) larvae.
TRAVIS MICKELSON, M.S. 1995. Non-thesis.
CRAIG STOCKWELL, PH.D. 1995. Evolutionary trajectories
of recently established populations of western mosquitofish (Gambusia affinis).
JASON DUNHAM, PH.D. 1996. The population ecology of
stream-living Lahontan cutthroat trout (Oncorhynchus
clarki henshawi).
BOBETTE DICKERSON, M.S. 1997. The effects of high temperature and high levels of dissolved solids on the
growth and survival of Lahontan cutthroat trout,
Oncorhynchus clarki henshawi.
ROBERT SCHROETER, M.S. 1998. Segregration of streamdwelling Lahontan cutthroat trout and brook trout:
patterns of occurrence and mechanism for displacement.
PETER FISCHER, M.S. 1999. Non-thesis; finished with Dr.
L. Weber.
OKAN KÜLKÖYLÜOĜLU, PH.D. 1999. Taxonomy, ecology, and
biogeographic distribution of spring water Ostracoda (Crustacea) in Nevada (completed with Dr. R.
Rust).
MICHAEL MEEUWIG, M.S. 2000. Thermal effects on growth,
feeding, and swimming of Lahontan cutthroat trout,
Oncorhynchus clarki henshawi (completed with Dr.
Hayes).
DON EATON, PH.D. 2001. Pending completion with Dr. R.
Rust.
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EXAMINING ECOLOGICAL CONSEQUENCES OF FERAL HORSE
GRAZING USING EXCLOSURES
Erik A. Beever1 and Peter F. Brussard1
ABSTRACT.—Although feral horses have inhabited western North America since the end of the 16th century, relatively
little synecological research has been conducted to quantitatively characterize how they interact with ecosystem components. Because feral horses exhibit watering behavior markedly different from that of domestic cattle, it is particularly
important to evaluate response of ecosystem elements near water sources to horse use. To assess this response, we performed live-trapping of small mammals and 2-tiered vegetative sampling in 2 mountain ranges in central Nevada in the
interior Great Basin, USA. At low elevations, plots around horse-excluded springs exhibited notably greater plant
species richness, percent cover, and abundance of grasses and shrubs, as well as more small mammal burrow entrances
than plots at horse-grazed springs. At high elevations, meadows protected from grazing exhibited maximum vegetation
heights 2.8 times greater than vegetation grazed by horses only and 4.5 times greater than vegetation grazed by horses
and cattle. Species richness in quadrats was most different between the horse-and-cattle-grazed meadow and its ungrazed
counterpart, suggesting the possibility of synergistic effects of horse and cattle grazing in the same location. This study,
the first in the Great Basin to investigate quantitatively ecosystem consequences of feral horse use with exclosures, represents a preliminary step in identifying factors that determine the magnitude of horse grazing impacts.
Key words: exclosures, feral horses, Equus caballus, vegetative comparisons, Great Basin.

Researchers have long known that the magnitude of cattle impacts near springs is greatest at the spring itself and decreases asymptotically with increasing distance from the spring
(Wooton 1916, Jardine and Forsling 1922, Valentine 1947). Furthermore, cattle in arid regions
often spend a disproportionate amount of time
in riparian areas (Roath and Krueger 1982, Van
Vuren 1982), where forage, water, and shade
are initially abundant. As reviewed by Szaro
(1991), domestic livestock have been shown to
have notable consequences on bird (Mosconi
and Hutto 1982, Taylor 1986), lizard ( Jones
1981), and plant (Cannon and Knopf 1984) communities in western riparian systems.
Behavioral studies of feral horses in western
North America have shown that horses visit
watering locations daily, usually during crepuscular hours (Pellegrini 1971, Meeker 1979,
Ganskopp and Vavra 1986). However, in contrast to domestic cattle, horses often travel
greater distances from water and spend less
total time at springs or other watering areas
(Meeker 1979, Denniston et al. 1982, McInnis
1985). Thus, due to their distinct watering behavior, it remains unclear to what extent horses
may modify areas around springs. In spite of

the urging of Kitchen et al. (1977:56) over 2
decades ago that “studies of wild horse impacts
on watersheds (and other water sources) need
to be conducted,” few data have been gathered to date to examine this question.
Although a number of behavioral, physiological, and dietary studies have been done on
domestic horses, extrapolating these results to
feral populations of horses is problematic, particularly with respect to behavior. For example, large pastures grazed by domestic horses
exhibited a pattern of areas of short, grazed
grass mixed with areas of tall, ungrazed grass
in which horses generally defecated (Ödberg
and Francis-Smith 1977). In contrast, at least
in semiarid systems, concentrations of feces
(“stud piles”) are made by feral horses in areas
frequently traveled by horses that generally
are sparsely vegetated or devoid of vegetation
(Pellegrini 1971, Berger 1986, personal observation). One study has most directly examined
the ecological consequences of domestic horse
use in the semiarid Great Basin. In this enclosure study in northern Utah, forage consumption per-animal-mass decreased under heaviest
stocking density, and all horse-grazed pastures
exhibited increased production of bitterbrush,

1Biological Resources Research Center / 314, University of Nevada–Reno, Reno, NV 89557-0015.
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Purshia tridentata (Reiner and Urness 1982).
Although the study highlighted horse utilization of various species and the response of P.
tridentata to 2 levels of horse grazing, no community dynamics, such as species richness or
long-term recovery trends, were investigated.
Exclosures
In past studies researchers have employed
exclosures to study effects of herbivory by
insects (Reader 1992), jackrabbits (Rice and
Westoby 1978), small mammals (Brown and
Heske 1990), domestic sheep (Laycock 1967,
Rice and Westoby 1978), and, most commonly,
domestic cattle (McLean and Tisdale 1972,
Heske and Campbell 1991, several studies
reviewed by Fleischner 1994). When investigating changes over time or comparing plots
with and without herbivory, using exclosures
allows manipulation of levels of herbivory
across small spatial scales and separation of
grazing effects from differences due to environmental or microsite variables.
Use of exclosures to investigate effects of
feral horse herbivory in western North America has been done in the Pryor Mountain Wild
Horse Range in Montana and Wyoming (Detling 1998, Fahnestock 1998, Fahnestock and
Detling 1999). Fahnestock and Detling (1999)
indirectly investigated effects of horse grazing.
They simulated herbivory in long-term (>20
yr) horse exclosures using 2 × 2 factorial
designs of defoliation and irrigation at a lowelevation site and defoliation and fertilization
at a high-elevation site. Although they concluded (Fahnestock and Detling 1999:269)
that “dominant graminoids in the Pryor Mountains are able to withstand fairly heavy levels
of defoliation through compensatory growth”
(depending upon water availability), their study
removed from the natural herbivory process
the effects of trampling and consequent soil
compaction, which can be substantial (Butler
1995, Belsky and Blumenthal 1997). When
comparing vegetation inside and outside 4 exclosures (2 in montane grasslands and 2 in lowelevation grassland sites) in the same vicinity,
they found that effects of horse grazing were
often overshadowed by between-site or interannual variation, probably due to precipitation
differences (Detling 1998, Fahnestock 1998).
Because they found significant effects of grazing removal only for biomass and percent
cover of 1 or 2 dominant grass species, they
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concluded that either low-elevation exclosures
were not in place long enough for vegetative
differences to accrue or horse densities were
low enough to avoid major changes in grassland vegetation (Detling 1998). Because vegetation in grasslands may respond more favorably to large mammal herbivory than in arid
and semiarid deserts such as the Great Basin
(Bartolome 1993, Patten 1993), it is crucial to
assess the influence of horses in the Great
Basin. To our knowledge, this study represents
the 1st investigation of the effects of grazing
by feral horses using exclosures in the hydrographic Great Basin.
In practice, numerous factors complicate
the use of exclosures to study consequences of
grazing by feral mammals. Few exclosures in
the Great Basin are large enough to contain
core areas relatively free from edge effects.
Consequently, small mammal species that may
in fact be impacted by horse grazing may not
exhibit different abundances inside compared
with outside exclosures, simply because exclosure sizes are not significantly larger than their
home ranges (e.g., Heske and Campbell 1991).
Similarly, exotic plants, especially wind-dispersed species, may be able to invade such
small areas from seed sources outside the exclosure. Furthermore, most exclosures either
have been recently constructed or have not had
an uninterrupted span of no grazing. Exclosures
often are knocked down or breached over time,
and monitoring and maintenance of exclosures,
especially in remote areas, is usually infrequent. As a result, such exclosures provide an
imperfect representation of long-term removal
of grazing pressure. Additionally, because
there is little agreement on how grazing intensity outside the exclosure is characterized (e.g.,
“heavy,” “moderate”), it is difficult to compare
results across studies (Fleischner 1994). Finally,
even within broad environmental strata, exclosures are generally not well replicated, limiting investigators to conclusions that may have
low external validity at larger scales.
Another suite of problems arises when one
attempts to use exclosures to investigate effects
of feral horse grazing. Generally, exclosures
are not located in areas in which horses are
the only grazers in the system. Rather, across
much of its current range in western North
America, Equus caballus is sympatric with some
combination of cattle, pronghorn (Antilocapra
americana), mule deer (Odocoileus hemionus),
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or, less frequently, bighorn sheep (Ovis canadensis), feral burros (Equus asinus), or elk
(Cervus elaphus). Fortunately, data from state
and federal management agencies suggest that
spatial overlap of feral horses with bighorn
sheep, burros, and elk is minimal (BLM 1996,
Anonymous 1997). Even when sympatric, feral
horses may use somewhat different slopes
than bighorn sheep and, to a lesser extent,
mule deer (Ganskopp and Vavra 1987). Furthermore, dietary studies of sympatric deer,
antelope, and feral horses in the western
United States have shown that deer and antelope diets overlap only marginally with feral
horse diets, usually exhibiting 0–20% similarity (Hubbard and Hansen 1976, Meeker 1979,
Hanley and Hanley 1982, McInnis 1985),
although Vavra and Sneva (1978) observed
overlaps of 20–37% during a drought year in
eastern Oregon. In contrast, however, diet
items of feral horses may share 60–80% similarity with diet items of sympatric cattle, depending on season, location, and other factors
(Hubbard and Hansen 1976, Vavra and Sneva
1978, Hanley 1982, Krysl et al. 1984). Because
of this lack of dietary niche differentiation, it is
impossible to separate grazing effects of cattle
and horses when both species forage in the
same area, even if at different times of year.
This is especially problematic because there
are few areas in the Great Basin that remain
ungrazed by cattle for extended time periods
and even fewer areas that experience horse
grazing but not cattle grazing.
A further complication for studying effects
of feral horse grazing is that horse-excluded
areas are neither randomly selected nor evenly
interspersed within areas used by horses.
Rather, herd areas in which horses are removed
almost always comprise entire mountain ranges,
and these areas were selected for sociopolitical, rather than biological, reasons. Specifically, horse-excluded areas generally correspond to private landholdings, often of railroad companies. This spatial arrangement of
horse and non-horse areas prevents smallscale comparisons between areas that would
have higher levels of ecological similarity.
Thus, although wild horse and burro herd
areas occupy 18.9 million acres of land in
Nevada alone (Anonymous 1997), there are
currently extremely few opportunities for
even small-scale manipulative experimental
studies of equid grazing.
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Spring Areas
We chose spring and meadow areas to
investigate consequences of horse grazing for
several reasons. First, most of the few longstanding exclosures in the Great Basin have
been constructed by management agencies
near springs. Second, although the Great Basin
is a biogeographic region characterized by relatively low primary productivity (Cronquist et
al. 1972, Grier et al. 1992, Grayson 1998),
springs and other riparian areas are oases of
higher productivity, especially if not overly
disturbed. Because they receive continuous
water and nutrient inputs, undisturbed highproductivity areas provide a useful benchmark
of diversity against which to compare horseoccupied areas. Third, particularly in arid and
semiarid regions, spring and riparian areas are
used obligately by many taxa, far more than
the number predicted by their areal extent
(Gregory et al. 1991, Szaro 1991, Naiman et al.
1992). Thus, these areas may play crucial roles
in maintaining diversity at landscape or regional
scales, as up to 70% of a region’s vertebrate
species may use riparian corridors in a significant way during their lifetime (Raedeke 1989).
Numerous bird species, for example, are
obligate users of riparian areas (Gaines 1977,
Ohmart and Anderson 1986). Fourth, because
of the Great Basin’s dissected topography and
resulting isolation and local adaptation, springs
often contain rare endemic taxa, such as fishes
(LaRivers 1962, Deacon 1979), ostracods (Külköylüoĝlu and Vinyard 2000), springsnails
(Hershler and Sada 1987, Hamlin 1996), and
other invertebrates.
We investigated several measures of vegetative and small mammal communities at high(Seven Troughs Range) and low-elevation (Clan
Alpine Mountains) sites to compare ecologically similar areas that were either grazed or
ungrazed by feral horses. We investigated the
null hypothesis that feral horses exerted no
significant effects on the structure or composition of vegetation and small mammal communities near springs and in meadows.
METHODS
Low-elevation Study Sites:
Clan Alpine Mountains
During October 1998 we examined 4 plots
(springs A, B, C, and D; 2 ungrazed, 2 grazed
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by feral horses) with areas between 553 and
581 m2, in Shoshone Creek canyon, Clan Alpine
Mountains, Churchill County, west central
Nevada (Fig. 1A). The Clan Alpine Mountains
occupy an area of 1149 km2 and range in elevation from 1166 to 3047 m (BRRC 1998). All
plots were on east-facing slopes of low (≤15%)
gradient, dominated by sagebrush–salt scrub
habitats. Artemisia tridentata, Sarcobatus vermiculatus, Chrysothamnus nauseosus, Grayia
spinosa, and Atriplex confertifolia were the
dominant shrubs. The 2 grazed plots were
grazed only by horses during the previous
15–20 yr, and the 2 ungrazed plots had had
horses excluded for either 4 or 8 yr.
Soils near the spring A study area are very
fine sandy loams dominated by Duric Natrargids
and Typic Torriorthents, are moderately to
strongly alkaline, and have a slightly hard, very
friable consistence (Natural Resources Conservation Service unpublished soil surveys, February 1999). Soils near springs B, C, and D are
very stony or very gravelly loams, are dominated by Lithic Xerollic Haplargids and Lithic
Torriorthents, are moderately alkaline, and the
top 10 cm has a soft, very friable consistence
(Natural Resources Conservation Service unpublished soil surveys, February 1999).
Shoshone Creek canyon has been actively
managed since 1983 by the Bureau of Land
Management to exclude domestic livestock,
but feral horses have occupied portions of the
canyon for several decades ( J. Axtell, Carson
City District wild horse and burro manager,
BLM, personal communication). Exclosures
were constructed in 1990 (Living Legend
Spring 2, “spring C”) and 1994 (Living Legend
Spring 1, “spring D”), both at an elevation of
1500 m. We used exclosure dimensions and
orientations to delineate plots at grazed springs.
Spring B is located 110 m WNW from the
exclosure surrounding springs C and D, at the
east-facing base of a steeply sloping ridge
peninsula. Another horse-grazed spring (spring
A) is located 6.8 km southeast of the exclosure
springs at an elevation of 1325 m. These exclosures excluded horses but not other herbivores (e.g., Odocoileus hemionus, Antilocapra
americana, Lepus californicus, and Sylvilagus
auduboni). Aerial censuses in the spring of
1998 found 1076 feral horses in the Clan
Alpine Herd Management Area (HMA). This
area occupies 130,637 ha, 99% of which is
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under BLM jurisdiction (Anonymous 1997, J.
Axtell personal communication).
Because exclosures in this HMA (including
those in this study) are relatively small and
thus subject to significant edge effects, we did
not perform small mammal trapping inside or
outside exclosures. Instead, as a crude estimate
of small mammal activity, we tallied within
each plot the number of visible entrances of
mammal burrows.
Using a hierarchical sampling scheme, we
assessed vegetation in plots. Across the entire
area of each plot, an exhaustive search was
conducted for all shrub, forb, and grass species,
and individuals were counted for all shrub and
most grass and forb species. Individuals were
defined by stems for shrubs and forbs, and by
spatial separation from other such individuals
in grasses. We were unable to identify several
specimens to species (Appendix), but they
were clearly distinguishable as different species
(A. Tiehm personal communication). Total percent vegetative cover (live + standing dead)
was visually estimated for each plot, and these
estimates were verified by comparing them to
the average of percent cover values from 1-m2
quadrats (described below). For the most
abundant species that could not feasibly be
counted exhaustively, we estimated the number of individuals to the nearest 10. Similarly,
because grasses were ubiquitous in exclosure
plots, the total number of grasses in each
exclosure plot was estimated by extrapolating
the average estimates of grass abundance in all
7 quadrats (see below) across the entire area of
the plot. This final method of estimation was
not necessary for grazed plots because grasses
were much less numerous and could be tallied
comprehensively.
At the quadrat level, we threw a 1-m2, PVCconstructed square from the plot center to 7
random locations within the plot. Within each
quadrat, we recorded percent cover and count
of each species following Wentworth (1976,
1981), as well as species richness, total vegetative percent cover, and maximum height of
vegetation across the quadrat. For all forb and
grass species, samples were collected as herbarium specimens and deposited in the University of Nevada–Reno Herbarium. Species were
identified using Cronquist et al. (1972), but
taxonomy presented here follows Hickman
(1993).
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A

Fig. 1. Location of study plots within State of Nevada (i); within a relief map of the respective mountain range (ii); and
as a small-scale schematic (iii). A, Clan Alpine Mountains; B, Seven Troughs Range.
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High-elevation Study Site:
Seven Troughs Range

During July 1998 we examined plots at a
50.6-ha exclosure above Cow Creek, Seven
Troughs Range, Pershing County, Nevada.
The Seven Troughs Range occupies an area of
335 km2 and ranges in elevation from 1278 to
2373 m (BRRC 1998). All plots were on areas
of low (<15%) slope gradient. Vegetation in
this portion of the mountain range is a mixture
of big sagebrush (A. tridentata) and low sagebrush (A. arbuscula) scrub habitats, with rushes
( Juncaceae, especially Juncus spp.), sedges
(Cyperaceae), and other meadow species dominating mesic areas. Although the exclosure
does not contain a permanent spring with
definable boundaries, standing water arises
from within the exclosure, and the area in and
around the exclosure is markedly more mesic
than surrounding vegetation.
Soils near the study areas are very gravelly
loams dominated by Aridic and Lithic Argixerolls, are neutral to slightly alkaline, and the
surface horizon is very friable with a soft to
slightly hard consistence (Natural Resources
Conservation Service unpublished surveys,
February 1999). According to aerial counts
performed in 1995, approximately 292 feral
horses occupied 59,859 ha of land in the
Seven Troughs HMA, 88% of which is under
BLM jurisdiction (Anonymous 1997).
The roughly square-shaped exclosure, elevation 2125 m, features barbed-wire construction, probably preventing herbivory only by
cattle and horses. We focused our investigations on 3 paired plots, each 15 × 15 m (Fig.
1B). For all 3 pairs, 1 plot was located inside
the exclosure, and its partner was located outside the exclosure. In selecting paired plots,
we strove to maximize similarity of habitat,
homogeneity within each plot, and equivalence with the other member of the pair.
The paired sites in Figure 1B represent the
only paired locations that were similar in habitat and internally homogeneous. Pair #1 sites
were separated by about 6–8 m by a rarely
traveled road and were located in a meadow
that is mostly dry in the summer. We found
approximately equal numbers of horse and
cattle defecations in the grazed plot of pair
#1. Pair #2 sites were both located in dry
meadows, but were separated by about 0.8
km. As demonstrated by their similar species
lists (Appendix), both sites were relatively
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mesic. In the grazed plot we found only horse
dung, suggesting exclusive horse grazing. Our
observations are in accord with observations
of agency biologists that cattle rarely frequent
the upper meadow area, but instead tend to
stay near an artificial reservoir 0.5 km below
the exclosure. Although we did not explicitly
tally dung piles, the site appeared to experience a moderate level of horse grazing, as
compared with other horse-occupied meadow
areas we have studied in central Nevada. Pair
#3 consisted of sagebrush (A. tridentata)dominated sites, separated by about 20 m by a
dirt road and intervening habitat. Scat evidence
suggested the grazed plot was used exclusively
by cattle at a light to moderate intensity.
Because horses often prefer areas with good
visibility, tall vegetation in the plot likely discouraged horse use of the area.
Each of the 6 plots contained a 4 × 4 trapping grid for small mammals, with traps separated by 5 m. Small mammals were trapped
for 3 consecutive nights (18–20 July 1998) on
all 6 plots using Sherman live-traps (8 × 8 × 25
cm) baited with mixed wild bird seed. Additionally, for the meadow plots (pairs #1, #2),
we measured vegetation height 25 cm away
from each trap station in the 4 cardinal directions. At each of these 4 points, we measured
the tallest plant within 3 cm of an erect meter
stick. At both the grazed and ungrazed plot in
pairs #1 and #2, we randomly selected 4 of 9
possible 5 × 5-m quadrats in which to measure
species richness and maximum vegetation
height. Maximum height of vegetation was
used instead of average height because it better reflects both the degree of homogenization
of vegetative structure produced by grazing
and the amount of heterogeneity occurring at
small scales and because it could be measured
with greater precision.
Data Analysis
For sampling in the Clan Alpine Mountains,
we considered plots as independent replicates
and treated 1-m2 quadrats as subsamples
nested within plots. Thus, each of the 2 ungrazed and 2 grazed springs and their associated plot areas were treated as experimental
units. Because of the small sample size (n = 2
per treatment), we simply make descriptive
comparisons using springs A, B, C, and D and
do not employ inferential statistics for Clan
Alpine data.
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For the Seven Troughs Range, because pairs
differed with respect to habitat and nature of
grazing, each of the sampled quadrats and vegetation height averages at each trap station
was treated as a replicate for within-pair comparisons, and samples were not pooled across
pairs (Wester 1992). To compare vegetation
heights in grazed and ungrazed plots, we performed single-factor ANOVAs in Statview v5.0
(SAS Institute, Cary, NC). In cases of significant heteroscedasticity (assessed using Bartlett’s
test), we compared groups using a nonparametric Mann-Whitney U test (Sokal and Rohlf
1995). Because species richness was measured
in only 4 quadrats per plot, richness was compared using unpaired t tests, except in the
case of significant heteroscedasticity, when a
Mann-Whitney U test was used. Statistical comparisons do not explicitly test for treatment
effects, but rather describe variability in, and
the magnitude of, difference between paired
plots.
Because we could not assign grazing treatments to the plots, we tested for the presence
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of unknown directed gradients spanning the
length of adjacent grids that could confound
comparisons of vegetation height. If such a
gradient were to exist perpendicular to the
fence, a monotonically decreasing or increasing trend would most likely be evident in
average height of stations within each row.
Alternatively, if the difference were due to
grazing pressure, a stepped function should be
observed, with the step occurring at the fence.
Values of vegetation height were compared
among the 8 rows using Fisher’s PLSD tests.
RESULTS
At both the high-elevation (Seven Troughs)
and low-elevation (Clan Alpine) sites, we observed striking differences in the structure,
composition, and character of vegetation inside
compared with that outside the exclosures (Figs.
2A–E). Similarly, notable differences were
observed in relative burrow density of small
mammals between horse-grazed locations and
horse-excluded plots at low elevations. At high

A

Fig. 2. Examples of enclosure and grazed plots in the Clan Alpine Mountains and Seven Troughs Range, Nevada: A,
spring A, horse-grazed plot, Clan Alpine Mountains; B and C, spring C, exclosure plot, Clan Alpine Mountains; D,
spring D, exclosure plot, Clan Alpine Mountains; E, fence line at grazed and exclosure plots, pair #1, Seven Troughs
Range.
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B

Fig. 2. Continued. B and C, spring C, exclosure plot, Clan Alpine Mountains.

C
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D

Fig. 2. Continued. D, spring D, exclosure plot, Clan Alpine Mountains; E, fence line at grazed and exclosure plots,
pair #1, Seven Troughs Range.

E
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TABLE 1. Vegetative characteristics of 4 plots at springs, Clan Alpine Mountains, Nevada, 1998.
Plot-level surveys
_______________________________________________________________________________
Total percent
Species richnessc
No. burrows
cover
(S,F,G)
No. shrubs
No. grasses
Spring Aa
Spring Ba
Spring Cb
Spring Db

1
5
22
15

~10–15
~5–8
~92–95
~85–90

5
10
25
24

(1,2,2)
(1,6,3)
(3,13,9)
(3,12,9)

18
30
242
77

210
52
~386,000
~176,000

Quadrat meansd
_______________________________________________________________
Species
Percent
Maximum
richness
Grass SR
cover
height
Spring A
Spring B
Spring C
Spring D

0.7 ± 0.4
1.3 ± 0.4
6.3 ± 0.9
5.4 ± 0.5

0.3 ± 0.2
0.6 ± 0.2
2.6 ± 0.6
2.4 ± 0.5

10.0 ± 5.9

12.8 ± 7.8

91.4 ± 4.7
82.1 ± 11.4

106.5 ± 32.8
53.1 ± 9.4

aGrazed almost exclusively by horses for last 15 yr.
bLiving Legend Spring exclosure plots, constructed by BLM in 1990 (spring C) and 1994 (spring D).
cSpecies richness, all species combined, then separated into classes (Shrub, Forb, Grass and grasslike species).
dAll values ± 1 s –. N = 7 quadrats per plot. See text for methods.
x

elevations there were some differences between
identities and relative abundance of species
inside versus outside the large exclosure.
Clan Alpine Mountains
At the plot level, areas around horseexcluded springs had approximately 6–18
times greater vegetative cover than horsegrazed areas (Table 1). We observed no plant
species along the water’s edge at spring B and
only 2 S. vermiculatus shrubs beside spring A
(Fig. 2A), which contrasts strongly with the
increased plant richness found at the aquaticterrestrial boundary inside the exclosures
(Figs. 2B–D). In general, the only vegetation
that remained in spring A plot was vegetation
that was sheltered from trampling by large
rocks, man-made structures (e.g., fencing), or
steep slopes (Fig. 2A). Furthermore, many
plants in both grazed plots were senescent,
stunted in height, and without inflorescences.
Horse-excluded areas exhibited 3.3 times
greater total species richness than did horsegrazed plots (mean = 24.5 versus 7.5 species;
Table 1, Appendix). Although at least 4 shrub
species were found within 1 km of each grazed
plot, no grazed plot contained more than 1
species of shrub (Appendix). There were 6.7
times as many individual shrubs (mean = 160
vs. 24) in plots protected from horse grazing as
in horse-grazed plots (Table 1). We estimate

that the number of grasses in the exclosure
plots was 3 orders of magnitude greater than
the number observed in grazed plots (mean =
ca 281,000 vs. 131; Table 1). Thirteen of 14
randomly located 1-m2 quadrats in grazed
areas contained between zero and 2 species
(mean = 1.0 species ⋅ quadrat–1), yet all subsamples in exclosures contained between 3
and 10 species (mean = 5.9 species). In all
cases, averages of percent cover estimates
from 1-m2 quadrats were within 3% of estimates of cover across plots (3rd and 9th
columns in Table 1).
Exclosure plots near springs on average
had 6 times more small mammal burrow
entrances than did horse-grazed plots (mean
= 18.5 vs. 3 burrows per plot; Table 1). In
addition to tallying burrow entrances, we also
observed pocket gopher (Thomomys sp.) tunnels in both spring C and spring D plots, but
not in either of the horse-grazed plots.
Seven Troughs Range
Meadows protected from grazing exhibited
maximum vegetation heights 2.8 times greater
than vegetation grazed by horses only (pair
#2) and 4.5 times greater than vegetation
grazed by horses and cattle (pair #1, Fig. 2E;
Z = –4.82, P < 0.0001 for each pair). Although
mean heights of vegetation around trap stations were similar between the 2 meadow sites
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inside the exclosure, the site outside the exclosure grazed by both cattle and horses exhibited a mean height more than 40% lower (8.8
cm vs. 15.1 cm) than that observed in the
meadow grazed exclusively by horses. In posthoc Fisher’s PLSD analyses of the 8 trapping
rows at both pair #1 and pair #2 plots, none
of the row vegetation heights were significantly different within plots on either side of
the fence (n = 12 comparisons per pair, P >
0.05), but all 32 possible cross-fence comparisons (16 per pair) demonstrated significant (P
< 0.03) differences.
Species richness in the 4 randomly selected
25-m2 quadrats was lowest in the area grazed
by both horses and cattle (pair #1; mean =
9.5 species per plot). Species richness averaged 61% (5.8 species per plot) higher in
ungrazed quadrats in pair #1 (Z = –2.31, P =
0.021), but only 13% (1.7 species per plot)
higher in ungrazed exclosure quadrats in pair
#2 (t = 0.88, df = 6, P = 0.41).
During live-mammal trapping for 3 consecutive nights at 6 plots (288 total trap-nights),
we captured 21 individuals of 4 rodent species
and had 13 recaptures (Table 2). Meadow pairs
exhibited higher species richness and higher
capture rates in ungrazed grids, but the sagebrush pair exhibited higher species richness
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and abundance of small mammals in the
grazed grid (Table 2). No animals were captured in the grazed plot in pair #1, and the
plot located in the exclosure core (pair #2)
exhibited greatest species richness and number of individuals captured (Table 2).
DISCUSSION
To date, feral horse research in North
America has been largely autecological, focusing on aspects of behavior, reproductive biology, movement patterns, and dietary ecology.
Although these studies provide valuable information, they apply only indirectly to the relationships that horses maintain with other ecosystem elements. This is one of few studies to
investigate quantitatively the ecological consequences of feral horse grazing in western North
America, and the first to examine small mammal response to horse grazing. Results from
the Clan Alpine Mountains show that, even
when horse numbers within herd areas are
<10% above appropriate management levels
established by the BLM, strong differences in
vegetation and qualitative differences in small
mammal activity can be observed between
horse-excluded and horse-occupied areas.
Although comparisons for individual species

TABLE 2. Results of small mammal trapping and summary of vegetation sampling, Seven Troughs Range.
Vegetative heighta
(cm)
PAIR #1d
Grazed plot

Quadrat diversityb
(species)

No. males
captured

No. females
captured

None

0

0

Mammal species capturedc

8.8 ± 0.6**

9.5 ± 0.3*

40.0 ± 2.6**

15.3 ± 1.5*

Peromyscus maniculatus

1

0

Grazed plot

15.1 ± 1.2**

12.8 ± 1.6

Peromyscus maniculatus
Microtus longicaudus

4
0

1
1

Ungrazed plot

42.7 ± 3.5**

14.5 ± 1.2

Peromyscus maniculatus
Microtus longicaudus
Lemmiscus curtatus
Tamias sp.

4
1
1
1

2
0
0
0

Tamias sp.
Peromyscus maniculatus

1
3

0
0

Tamias sp.

1

0

Ungrazed plot
PAIR #2e

PAIR #3f
Grazed plot
Ungrazed plot

aMean ± 1 s – of 16 trap stations per plot, n = 4 subsamples per trap station.
x
bMean ± 1 s – of vegetation within 25-m2 quadrats, n = 4 quadrats per plot.
x
cTrapping occurred in 4 × 4 grids for 3 consecutive nights within each plot.
dMeadow habitat plots, separated (ca 8 m) by a narrow road. Grazed plot was grazed by both cattle and horses.
eMeadow habitat plots, separated by 0.8 km. Grazed plot was grazed exclusively by horses.
fSagebrush (Artemisia tridentata) -dominated plots, separated by a narrow road. Grazed plot was grazed primarily by cattle.

*P ≤ 0.05 for within-pair difference.
**P ≤ 0.001 for within-pair difference.
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are not presented here, strong treatment differences in percent cover and abundance were
observed for nearly all plant species at Clan
Alpine springs. For both Seven Troughs (4.88 ⋅
10–3 horses ⋅ ha–1) and the Clan Alpine (8.24 ⋅
10–3 horses ⋅ ha–1) HMAs, horse density was
much lower than the density of 0.1 animal ⋅
ha–1 reported for feral donkeys over hundreds
of square kilometers in northern Australia
(Graham et al. 1982, Bayliss 1985). Although
our studies lack extensive replication, we have
observed differences in 2 mountain ranges, at
high and low elevations, and in salt scrub,
meadow, and spring habitats. Contribution of
cattle to observed differences was not zero,
but we chose areas that minimized this contribution as much as possible without logistically
difficult large-scale manipulations.
The specific biology of horses (Hafez et al.
1969, Feist and McCullough 1975, Janis 1976,
Berger 1986) suggests that there will be both
similarities and differences in the factors that
determine consequences of herbivory by horses
and other mammals. For example, in this study,
local spring density and habitat type may
influence the frequency or intensity of use of
an area and, consequently, the magnitude of
grazing effects. More specifically, the more
dramatic impacts at Clan Alpine grazed sites
may be due in part to a lower spring density in
that range compared with the Seven Troughs
Range or to the lower productivity (and in some
cases, lower resilience) of salt scrub habitat.
Edge Effects
Because none of the Clan Alpine plots had
a radius greater than 15 m, it is safe to assume
that the exclosure was effectively all “edge”
habitat, at least as experienced by small mammals (Wilcove et al. 1985, Laurance and Bierregaard 1997). The much lower species richness and overall abundance of mammals captured in exclosure plots #1 and #3 may have
resulted from their proximity to the edge of
the exclosure as compared with the centrally
located plot #2. In contrast, greatest species
richness in exclosure grid #2 suggests that in
landscapes of heterogeneous land use, large
exclosures may act as habitat refugia for small
mammal populations, preventing local extirpation of species (especially widely fluctuating
arcivolines) via subsequent recolonization
(Amaranthus et al. 1994, Perry and Amaranthus 1997). Edge effects were also observed
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for plants, supported by the presence of at
least 3 exotic plant species at spring C and 4
species at spring D in the Clan Alpine Mountains. Similarly, in the Seven Troughs Range,
plot #2, located over 30 m from any edge, is
the only plot in which no exotic species were
detected. Ideal experimental design would
employ large, replicated exclosures located
amidst a matrix of habitat similar to that found
in the exclosures.
Equivalence of Grazed
and Ungrazed Plots
We considered all plots around springs in
the Clan Alpine range to be equivalent except
for the treatment variable, because they are all
located in the same canyon and habitat type.
Furthermore, all plots have the same aspect,
approximately the same flow rate, and differ at
most by 175 m elevation. Inasmuch as we did
not determine mammal species composition at
grazed and ungrazed springs at the Clan Alpine
plots, it is possible that differences in burrow
abundance were due to the presence of species
with differing burrowing tendencies (Hall
1946). This is unlikely, however, because of the
similarities of the plots and because species
that could most seriously confound the analysis (Microtus spp., Lemmiscus curtatus) do not
occur at these low elevations in central Nevada
(Hall 1946). In the Seven Troughs Range, the
larger exclosure size allowed us to minimize
confounding effects of unmeasured covariates
by employing a matched pairs design. In 2 of
3 pairs, plots were located within 20 m of one
another. The 3rd pair was separated by 0.8
km, but no closer habitat match existed.
Although in our experience no grazed plot
represents an extreme example of horse grazing effects in the Great Basin, grazed Clan
Alpine plots represent areas receiving heavier
than average horse use, particularly spring A.
Crane et al. (1997) similarly found that feral
horses in south central Wyoming preferentially selected streamside, bog, meadow, as
well as mountain sagebrush habitats. In contrast, our experience suggests that the Seven
Troughs plots represent areas receiving moderate use by horses, in comparison to other
Great Basin herd areas. It is important to exercise caution when comparing effects of grazing by horses alone with effects of grazing by
horses and cattle (i.e., when evaluating possible synergistic effects). Because we were not
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able to control total grazing intensity at grazed
sites, it is possible that lower vegetation height
and species richness in the pair #1 grazed
plot reflects a higher combined grazing intensity. Further research may elucidate whether
horse grazing and cattle grazing combine in an
additive, multiplicative, or some other fashion.
Other large herbivores in the Clan Alpine
and Seven Troughs ranges (pronghorn, mule
deer) also may have contributed to the degradation we observed. Meeker (1979) and Berger
(1985) found horses to be dominant among
native Great Basin ungulates in social interactions, particularly at spring areas. As such,
horses can induce alterations in the spatial and
temporal dimensions of habitat use by sympatric native ungulates (Meeker 1979, Ganskopp and Vavra 1987, Coates and Schemnitz
1994). However, neither deer nor antelope
were observed at our plots during 14 d of
observation during the summers of 1997 and
1998, although we observed horses almost
daily during our research there. Due to the
nature of exclosure construction, both of these
species (as well as other herbivores such as
Lepus californicus and Sylvilagus audubonii)
could access all plots. Thus, these species
should not have contributed to differences
observed between grazed and exclosure plots.
Studies that quantify influences of all herbivores in a given system may provide insight
into how effects of diverse consumers interact.
Finally, the legacy of past grazing impacts
(domestic sheep or cattle, particularly between
1890 and 1920) may confound differences currently observed. This is nearly impossible to
assess quantitatively because historical records
of grazing from that time can rarely be found
today. When such records do exist, they are
almost universally qualitative, and there may
have been incentive to underreport stocking
rates purposefully (D. Aicher, rangeland management specialist, USDA-FS, personal communication). Historical grazing impacts should
not pose a problem, however, because it is
unlikely that such grazers would have differentially used either set of plots (i.e., the grazed
or ungrazed plots) to the exclusion of others.
Recommendations for
Future Research
Numerous authors (e.g., Szaro 1991, Bartolome 1993) have highlighted the need for
longer-term studies of herbivory that encom-
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pass natural stochastic variability in environmental factors such as precipitation and temperature. We echo this call and recommend
collection of data across seasons and years.
Precipitation data from weather stations near
9 mountain ranges (Beever et al. in review) indicate that precipitation in western Nevada
during 1998 was 120% of the 1961–1990 average. Because other authors (Jardine and Forsling 1922, Detling 1998) and horse managers
in the region (T. Seley and J. Axtell, BLM, personal communication) have suggested that
effects of grazing are magnified during drier
years, our estimation of grazing effects in a
single growing season should be conservative
with respect to temporal variation. Observed
treatment effects of this study are valid only
for the areas we investigated. Future studies
could achieve greater experimental rigor
(through replication and experimental manipulation of treatment level) if performed on
large private landholdings or if the BLM could
accommodate more exclosure studies for feral
horses.
Because our experiment is mensurative
rather than manipulative, it is less robust than
a double-translocation study with controls
(Hurlbert 1984, Underwood 1997). In cases
where plots are not randomly assigned to different treatments (i.e., grazed or ungrazed),
and when researchers do not have data from
before and after imposition of the treatment
for both control and experimental plots, it is
not possible to attribute observed differences
unequivocally to the effect of the treatment.
However, we have shown that grazed and ungrazed plots do not systematically differ for
many of the environmental variables (e.g.,
habitat type, aspect, elevation, and soil type)
most likely to affect our response variables.
Furthermore, especially in the adjacent pairs
of plots in the Seven Troughs Range, if another
environmental variable were confounding our
results, it would be expected to produce a
graded change in response variables along a
spatial axis. However, we have shown that
vegetation height, for example, instead exhibits
a stepped function, with differences occurring
only across the fence line (Fig. 3).
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Fig. 3. Maximum height of vegetation (cm ± 1 sx–) at trap stations by row for 2 pairs of meadow plots, Seven Troughs
Range. Height at each trap station represents mean of 4 subsamples. Means for each row are obtained by considering
each trap station (n = 4 per row) as replicates: A, pair #1, grazed rows received use by both horses and cattle; B, pair
#2, grazed rows received use by horses only.
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APPENDIX. Identification and frequency of species encountered in quadrats used for diversity measures, Seven
Troughs Range, Nevada, USA. Horizontal lines separate shrubs, forbs, and grasses in each grid. Taxonomy and life forms
follow Hickman (1993).
Pair 2: Exclosure grid
Na
_______________________________________________
Artemisia
arbuscula [Asteraceae]
1
_______________________________________________

Pair 2: Grazed grid
Na
______________________________________________
Artemisia arbuscula [Asteraceae]
1

Epilobium brachycarpum [Onagraceae]

4

Epilobium ciliatum [Onagraceae]
Iva axillaris robustior [Asteraceae]
Limosella aquatica [Scrophulariaceae]
Mimulus guttatus [Scrophulariaceae]
Penstemon rydbergii oreocharis [Scrophulariaceae]
Plagiobothrys cusickii [Boraginaceae]
Polygonum polygaloides kellogii [Polygonaceae]
Potentilla gracilis elmeri [Rosaceae]

1
4
1
3
1
1
1
4

Chrysothamnus
viscidiflorus [Asteraceae]
1
______________________________________________
Iva axillaris robustior [Asteraceae]
4
Navarretia breweri [Polemoniaceae]
1
+* Polygonum arenastrum [Polygonaceae]
2
Potentilla gracilis elmeri [Rosaceae]
2
Unidentified forb B
4
Unidentified forb C
4
Unidentified forb H
3
Unidentified
forb I
2
______________________________________________

*Tragopogon pratensis [Asteraceae]
3
Unidentified forb B
4
Unidentified forb C
4
Unidentified forb H
4
Unidentified forb I
2
Unidentified forb J
1
Unidentified forb K
2
_______________________________________________
*Bromus tectorum [Poaceae]
1
Carex douglasii [Cyperaceae]
3
Elymus elymoides [Poaceae]
2
Juncus balticus [Juncaceae]
4
Juncus bufonius [Juncaceae]
3
Leymus cinereus [Poaceae]
1
Muhlenbergia richardsonis [Poaceae]
3
Unidentified
Poaceae
A
4
_______________________________________________
bTOTAL:

25 spp. (0,1,16,8)

62

*Bromus tectorum [Poaceae]
Carex douglasii [Cyperaceae]
Elymus elymoides [Poaceae]
Juncus balticus [Juncaceae]
Juncus bufonius [Juncaceae]
Poa sandbergii [Poaceae]

1
3
1
4
3
3

______________________________________________
bTOTAL: 16 spp. (0,2,8,6)
39

Pair 3: Exclosure grid
Na
_______________________________________________
Juniperus
osteosperma [Cupressaceae]
1
_______________________________________________

Pair 3: Grazed grid
Na
______________________________________________
Juniperus
osteosperma [Cupressaceae]
1
______________________________________________

Artemisia arbuscula [Asteraceae]
4
Artemisia
tridentata
[Asteraceae]
2
_______________________________________________

Artemisia arbuscula [Asteraceae]
4
Artemisia
tridentata
[Asteraceae]
1
______________________________________________

Achillea millefolium [Asteraceae]
Epilobium brachycarpum [Onagraceae]
Epilobium ciliatum [Onagraceae]
Gnaphalium palustre [Asteraceae]
Iva axillaris robustior [Asteraceae]
Limosella aquatica [Scrophulariaceae]
Mimulus floribundis [Scrophulariaceae]
Mimulus guttatus [Scrophulariaceae]
Penstemon rydbergii oreocharis [Scrophulariaceae]
Potentilla gracilis elmeri [Rosaceae]
Unidentified forb A
Unidentified forb B

Crepis intermedia [Asteraceae]
Epilobium brachycarpum [Onagraceae]
Eriogonum umbellatum [Polygonaceae]
Gnaphalium palustre [Asteraceae]
Iva axillaris robustior [Asteraceae]
Lupinus argenteus [Fabaceae]
Navarretia breweri [Polemoniaceae]
Potentilla gracilis elmeri [Rosaceae]
Perideridia bolanderi [Apiaceae]
*Tragopogon pratensis [Asteraceae]
Unidentified forb B
Unidentified forb C

1
3
2
4
4
1
1
2
2
1
1
2

1
1
2
1
3
2
3
4
1
1
2
4
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APPENDIX. Continued
Pair 3: Exclosure grid
Na
_______________________________________________
Unidentified forb C
3
Unidentified
forb D
1
_______________________________________________

Pair 3: Grazed grid
Na
______________________________________________
Unidentified forb E
1
Unidentified forb G
1
______________________________________________

Carex douglasii [Cyperaceae]
3
Elymus elymoides [Poaceae]
2
Juncus balticus [Juncaceae]
4
Juncus bufonius [Juncaceae]
4
Muhlenbergia richardsonis [Poaceae]
2
Poa sandbergii [Poaceae]
1
Unidentified Poaceae A
4
Unidentified
Poaceae B
2
_______________________________________________

Carex douglasii [Cyperaceae]
Elymus elymoides [Poaceae]
Juncus balticus [Juncaceae]
Juncus bufonius [Juncaceae]
Unidentified Poaceae A
Unidentified Achnatherum C

bTOTAL:

25 spp. (1,2,14,8)

aNumber of 5 × 5-m plots (out of 4) in which the species was found.
bNumber of tree, shrub, forb, and grass species.
*Species not native to the Great Basin (Hickman 1993).
+Species is tolerant of trampling (Hickman 1993).

57

3
4
4
4
2
1

______________________________________________
bTOTAL: 23 spp. (1,2,14,6)
51
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A COMPARISON OF RIPARIAN CONDITION AND AQUATIC
INVERTEBRATE COMMUNITY INDICES IN CENTRAL NEVADA
Tom B. Kennedy1,3, Adina M. Merenlender2,4, and Gary L. Vinyard1,5
[Authors are listed alphabetically]
ABSTRACT.—The importance of maintaining healthy riparian communities to sustain natural stream processes and
function is well documented. Land management agencies in the West are currently developing methods to assess and
monitor riparian community condition to adapt land use practices that would better protect rangeland ecosystems. To
determine whether these methods also provide an indication of abiotic and biotic stream condition, we compared the
classification system of riparian communities developed by the U.S. Forest Service (USFS) to physical parameters of
stream condition and to aquatic invertebrate community assemblages. Thirty-three sites in 19 different streams of the
Toiyabe Range in central Nevada were measured for water quality, substrate characteristics, and fish abundance and
diversity. We sampled aquatic invertebrates and calculated community indices based on environmental tolerance levels,
taxonomic diversity, and abundance of sensitive taxa. USFS personnel classified these sites by dominant riparian plant
community type (meadow, willow, or aspen) and ecological status (low, moderate, or high) using plant abundance data,
rooting depth, and soil infiltration to determine similarities to potential natural communities.
Riparian condition indices as well as community diversity were significantly correlated to proportions of fine and
small-diameter substrate in streambeds. Accumulation of silt was significantly related to plant community type, with
meadow sites expressing highest proportions. Further examinations indicated that 2 of 6 invertebrate community indices
were significantly related to ecological status, with highest diversity levels occurring mainly in willow- and aspen-dominated sites in moderate ecological condition. Nevertheless, we show that several other environmental variables, including
substrate characteristics, dissolved oxygen, water temperature, and species richness of fish communities, were more
strongly and consistently related to invertebrate assemblage patterns. Our results demonstrate that information on
aquatic invertebrates and stream condition could augment the existing riparian classification system and provide useful
monitoring tools to more thoroughly examine ecosystem health in rangelands.
Key words: Toiyabe, Great Basin, rangeland, aquatic invertebrates, biotic indicators, riparian condition, ecological
status, diversity measures.

Healthy riparian plant communities are
essential components for proper stream ecosystem processes and function (Karr and
Schlosser 1978, Gregory et al. 1991, Elmore
1992, Edwards and Huryn 1996, Friberg
1997). Riparian zones in rangelands provide
critical sources of diversity and biomass productivity for both plant and animal species
(Thomas et al. 1979). Stream bank vegetation
also produces essential organic matter for headwater communities (Cummins 1974, Cummins
and Spengler 1978) as well as processed material for downstream catchments (Kennedy 1977).
Moreover, riparian habitat condition exerts a
strong influence on stream channel morphology. Riparian plant root systems increase bank
stability, and streamside vegetation attenuates

peak velocities of high flows, thereby reducing
energies that could otherwise erode banks,
elevate sediment loads, and widen channels
(Schumm and Meyer 1979). By stabilizing soils,
robust vegetation also helps reduce potential
damage that could result from land management activities such as livestock grazing (Platts
1981, Swanson et al. 1982).
The U.S. Forest Service (USFS) has estimated that 22% of riparian habitat under its
jurisdiction is not meeting their natural resource
objectives (USDI Bureau of Land Management and USDA Forest Service 1994). One
recently developed method used to improve
rangeland condition assessment is the Ecological Status Riparian Determination scorecard
developed by the USFS Humboldt-Toiyabe

1Biological Resources Research Center, University of Nevada–Reno, Reno, NV 89557-0015.
2Center for Conservation Biology, Stanford University, Stanford, CA 94305
3Present address: Sierra Nevada Aquatic Research Lab, Star Route 1, Box 198, Mammoth Lakes, CA 93546.
4Present address: Environmental Science, Policy, and Management, University of California–Berkeley, Berkeley, CA 94720-3110.
5Deceased.
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National Forest Ecology Team (Weixelman et al.
1996, 1997, 1999). Managers using this method
measure impacts of disturbance to riparian
corridors by comparing existing soil and plant
communities to presumed potential natural
communities (PNC) at selected reference sites.
These scorecards classify soil and vegetation
communities into low, moderate, or high ecological status ratings. Soil and plant community
ratings are based on color and permeability of
soil surface layers, plant species composition
and abundance, litter cover, and rooting depths.
Managers use this evaluation system to identify
habitat that may require rest from livestock
grazing, presumably before damage becomes
irreparable. Although this evaluation may provide a useful indication of riparian condition,
it may not address aspects of stream condition,
which is of primary importance to the maintenance of healthy rangeland ecosystems (National
Research Council 1994).
Stream invertebrate communities have been
routinely used and recommended as biological
indicators of habitat degradation from land use
practices (Plafkin et al. 1989, Rosenberg and
Resh 1993, Barbour et al. 1995, Resh et al.
1995), including impacts from livestock grazing (Bauer and Burton 1993). Aquatic invertebrate communities are useful monitors because
they integrate ecological conditions both temporally and spatially. Our research explores
whether the USFS riparian classification system reflects abiotic and biotic components of
associated streams. To address this, we compared condition ratings of riparian communities derived from the USFS Ecological Status
Riparian Determination methodology to abiotic measures and community assemblages of
aquatic invertebrates in streams of central
Nevada.
METHODS
Fieldwork
Thirty-three sampling sites were located in
19 different drainages (Fig. 1). Region 4 staff
of the USFS surveyed plant and soil communities at each of these sites using the Ecological Condition scorecard methodology (Weixelman et al. 1996). Dominant plant communities
were typed and rated for percent similarity to
PNC and grouped into 3 ecological status categories based on litter cover and abundance of
vegetative species (low, moderate, and high;
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Table 1). Soil condition ratings based on color
of surface layers, depth of fine roots, and infiltration tests of water absorption were used to
adjust these classifications. Eight low-, 12 moderate-, and 13 high-condition sites were sampled, with meadow riparian bank vegetation
occurring at 12 sites, willow species dominating at 11 sites, and aspen at 10 (Fig. 2).
We collected 5 invertebrate samples using
an upper-frame Winget-modified Surber net
(Winget and Mangum 1979) in June 1994 at
each site from similar microhabitats reflecting
dominant substrate conditions and flow regimes
(Hauer and Resh 1996). All samples were preserved in 95% isopropyl alcohol. Invertebrates
were identified in the lab using Usinger (1956),
Edmondson (1959), Thorp and Covich (1991),
and Merritt and Cummins (1996). Difficult
taxonomic identifications were sent to the
USDA Aquatic Ecosystem Laboratory at Brigham Young University in Provo, Utah, for verification.
At 17 sites where fish were present, we
completed population estimates using 3-pass
depletion sampling with an electrofisher. Captured fish were identified, weighed, measured,
and released. Total reach lengths surveyed
(combined upstream and downstream sections
from the invertebrate sampling point) varied
from 20 to 66 m, depending on stream order.
We measured section widths at the upstream
seine net, middle of the reach, and downstream
net, and then averaged them. Estimated densities (fish ⋅ m–2) extrapolated to zero-effort
were calculated using regression equations for
each of the 2 sections and averaged. Cumulative species captured from the 2 reaches were
recorded with no adjustments made.
We also measured water quality parameters
that affect habitat conditions for aquatic
organisms. Mean daily water temperature (°C)
was recorded at 2-h intervals for the month
using Hobo digital data loggers. Replicate
water samples were collected with sterilized
Nalgene containers and analyzed that same
day under laboratory conditions. Ammonia
(NH3–N), nitrite (NO2–N), nitrate (NO3–N),
and orthophosphate phosphorus (PO4–P) concentrations ( µg L–1) were measured using a
portable spectrophotometer. Alkalinity (µeq
L–1) was measured using titration with a phenolphthalein indicator (Wetzel and Likens
1991). Total dissolved residues (mg L–1) were
quantified by filtering 200-mL samples onto

2000]

RIPARIAN AND AQUATIC COMMUNITY INDICES

257

Fig. 1. Study site locations in the Toiyabe Range, Nevada.

pre-weighed 0.50-µm glass fiber filters that
were evaporated to dryness for 1 d, folded in
foil wraps, dried overnight in an oven set to
103°C, and reweighed (Lind 1985). Dissolved
oxygen concentrations (mg L–1), conductivity
(µmhos), and pH were measured on-site using

YSI meters. Primary production (chlorophyll
a) was assessed by placing 10 glass microscope
slides into fitted plexiglas frames that were
tied to rebar stakes and oriented horizontally
to water current for 3 wk prior to retrieval.
Mean chlorophyll a concentrations (µg L–1)

Drainage

San Juan
San Juan
San Juan
Cottonwood
Cottonwood
Washington
Cahill
Birch-N.fork
Birch-N.fork
Birch-S.fork
Birch-S.fork
Reese
Reese
Indian
Kingston
Kingston
Big Creek
Big Creek
Stewart
Stewart
Stewart
Clear
Illinois
Marysville
Marysville
Veatch
Willow
Willow
Blackbird
Summit
Summit
Peavine
Marysville

Site

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

2
2
2
2
2
2
1
1
1
1
2
3
3
3
2
2
1
1
1
1
2
3
1
1
1
1
2
2
1
1
1
3
1

Order

117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
116
116
117
117
117
117

16
16
16
16
15
13
2
2
2
5
2
25
25
30
9
9
7
7
22
21
23
22
26
19
20
5
0
59
58
16
15
18
20

21.7
28.7
32.5
28.3
58
51.7
17.7
37.9
45.8
30.5
48.9
19.8
53.1
11.8
37.2
57.3
5.6
14.8
3.9
35.1
40.5
26.9
28.8
30
9.4
0.5
46.8
28.5
43.8
48.2
48
12.2
38.5

Latitude
_________________
x°
y′
z″
39
39
39
39
39
39
39
39
39
39
39
38
38
38
39
39
39
39
38
38
38
38
38
39
39
39
39
39
39
38
38
38
39

7
7
7
8
8
9
28
25
25
22
23
48
48
48
14
15
17
18
53
53
55
55
53
2
2
27
34
32
25
59
58
37
2

10.1
9.5
24.1
55.1
47.4
14.7
0.8
37.6
25.3
26.3
57.5
24.9
49
49.4
8
3
58.3
17.4
33.2
16.2
34.3
52.1
37.9
12
8.6
17.7
17
59.3
2.4
3
34.2
0.8
27.6

Longitude
___________________
x°
y′
z″
2213
2226
2204
2143
2186
2345
2271
2329
2284
2399
2165
2250
2238
2155
2134
2159
2317
2226
2735
2838
2323
2402
2216
2165
2204
2040
2104
2049
2055
2470
2226
1875
2131

(m)

Elevation

Carex nebrascensis
Salix boothi lutea
Populus tremuloides
Carex nebrascensis
Populus tremuloides
Populus tremuloides
Carex nebrascensis
Populus tremuloides
Carex nebrascensis
Salix boothi lutea
Carex nebrascensis
Salix boothi lutea
Salix boothi lutea
Carex nebrascensis
Carex nebrascensis
Salix boothi lutea
Carex nebrascensis
Salix boothi lutea
Carex aquatilis/nebrascensis
Salix geyeriana
Populus tremuloides
Populus tremuloides
Carex nebrascensis
Populus tremuloides
Salix exigua lutea
Populus tremuloides
Carex nebrascensis
Salix exigua lutea
Populus tremuloides
Salix boothi lutea
Populus tremuloides
Salix boothi lutea
Deschampsia cespitosa

Plant community
Meadow
Willow
Aspen
Meadow
Aspen
Aspen
Meadow
Aspen
Meadow
Willow
Meadow
Willow
Willow
Meadow
Meadow
Willow
Meadow
Willow
Meadow
Willow
Aspen
Aspen
Meadow
Aspen
Willow
Aspen
Meadow
Willow
Aspen
Willow
Aspen
Willow
Meadow

Type
M
H
M
H
H
H
M
H
L
M
H
H
H
M
L
M
L
M
M
L
H
H
M
M
H
H
L
L
M
L
H
L
M

(46.8)
(60)
(31)
(51.5)
(67.4)
(57.6)
(48)
(59.5)
(13.4)
(37.9)
(54.8)
(62.9)
(66.2)
(35)
(42.7)
(28)
(41.8)
(33.4)
(43)
(23)
(39)
(35)
(27.9)
(33.7)
(63)
(67.8)
(24.1)
(25.2)
(31)
(21)
(111)
(21)
(29)

M
H
H
M
H
M
L
L
M
L
H
L
L
M
L
M
H
L
H
L
H
L
M
H
M
M
M
M
L
L
M
M
L

(118.8)
(nd)
(nd)
(79.4)
(nd)
(nd)
(14.7)
(nd)
(105.9)
(18.9)
(37.7)
(37.7)
(54.7)
(108.8)
(58.8)
(98.6)
(59.4)
(30.2)
(nd)
(64.2)
(nd)
(nd)
(64.7)
(nd)
(34.4)
(nd)
(38.4)
(63.9)
(nd)
(38.4)
(nd)
(78.1)
(35.9)

Condition
_____________________________
Plant (% PNC)
Soil (FRD)

TABLE 1. Study site locations in the Toiyabe Range, Nevada. Elevation, latitude, and longitude were recorded in the field. Plant community type (meadow, willow, aspen) and riparian
condition (L: low, M: moderate, H: high) using percent similarity to potential natural communities were developed by U.S. Forest Service professionals (methods in Weixelman et al.
1996). Riparian condition acronyms are as follows: percent similarity to potential natural communities (% PNC) for plant communities and fine root depths (FRD) for soil communities.
Soil condition ratings (L, M, and H) were developed from data based on color of surface layers, rooting depth, and infiltration tests of water absorption. Sites where data were not collected
for that parameter are signified with “nd” (no data). Overall ecological status ratings are in bold and listed under Plant Condition.
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Fig. 2. Classifications of aquatic study sites according to riparian plant community types and ecological status. Sample sizes are provided next to each branch of the study design forks.

were calculated from periphyton colonizations
on 3 of these slides (2nd from either end and
the middle) using spectrophotometric procedures described in Wetzel and Likens (1991).
Mean discharge was measured by dividing 3
representative transects into equal intervals
depending on total stream width and microhabitat complexity. Velocity (dm sec–1), depth
(dm), and width (dm) of each interval were
recorded, summed, and then averaged (L
sec–1; Platts et al. 1983). We also estimated
mean proportion of substrate at 5 transects
that best represented overall site characteristics. Two observers independently quantified
and concurred on substrate composition present at each transect (silt, mud [clay], sand,
cobble, gravel, boulder, and woody debris;
particle size list adopted from Platts et al.
1983). Fresh cow dung (number per acre) was
counted from three 0.01-acre plots in riparian
vegetation on both banks on-site, upstream,
and downstream (3 replicate counts) to indirectly quantify grazing pressure that has
occurred in recent years. Elevation (m) was
recorded in the field using a portable Trimble
GPS unit. Stream order and slope (%) for each
site location were derived from 7.5′ topographic quadrangles (USGS) and digital elevation models (DEM) in Arc/Info software,
respectively.
Sampling Effort Estimates
Standard deviations (s) in number of taxa
and organisms collected with the 5 Surber
samples from each site were used to evaluate

sampling effort. We used the equation for estimating invertebrate densities (Resh 1979):
ETs,Os = [ (t * sT,O) / (DT,O * x–T,O) ] 2

(1)

where ETs is the number of samples estimated
from sT for number of taxa, and EOs is the
number of samples estimated from sO for
number of organisms, t is Student’s t distribution (t = 2.13, df = 4), D is the relative error
(DT equals ± 20% because taxa not collected
at a site where they do occur would impair
interpretations, and DO equals ± 40%, a realistic variance for number of organisms collected), and x–T, x–O are the mean numbers of
taxa and organisms collected from the 5 samples, respectively.
Aquatic Invertebrate
Community Indices
We developed biotic components of the
same index used by USFS and BLM in western states based on published tolerance quotients (TQ; Vinson 1999). Dr. Fred Mangum
(Aquatic Ecosystem Laboratory, Provo, UT)
also provided some TQ values not available in
the literature. Tolerance quotients ranged
from 2 (taxa found in only high-quality unpolluted waters) to 108 (taxa found in severely
polluted waters). Values are based on tolerances to elevated alkalinity and sulfate levels,
as well as selectivity for or against fine substrate and low stream gradients (Winget and
Mangum 1979, Platts et al. 1983).The community tolerance quotient (CTQa) was calculated
with the equation:
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CTQa = ∑ (TQ / S)

(2)

where TQ is the taxonomic tolerance and S is
the total number of taxa collected per site. The
dominance-weighted community tolerance
quotient (CTQd) was calculated as:
CTQd = ∑ (ni TQ / N)

(3)

where ni is the number of individuals collected of taxa i, TQ is the same as above, and
N is the total number of individuals collected
at a site. A high score would indicate invertebrates collected from that site had a disproportionate number of species tolerant to the low
water-quality conditions described previously.
We modeled diversity of the invertebrate
communities using the logarithmic series (Fisher
et al. 1943). Selection of this model was based
on preliminary inspections of species abundance plots and consideration of attributes
that could influence our investigation (good
ability to discriminate between sites, low sensitivity to sample size, and common use in the
ecological literature; Magurran 1988). Shannon diversity (H′) was also included to allow
comparisons with other published studies.
The log series diversity measure is calculated through an iterative process to determine ‘x’, the parameter constant of the logarithmic series. This was done with cumulative
numbers of taxa and organisms collected from
each site with the equation (Krebs 1989):
S / N = (1 – x) / x [–ln (1 – x)]

(4)

where S is the total number of taxa and N is
the total number of individuals collected.
Alpha diversity (α) was then calculated
using the equation:
α = N (1 – x) / x

(5)

with expected values of α generally twice that
of the Shannon diversity index (H′) and ranging from slightly <2.0 to >6.0, with higher
numbers indicating higher levels of diversity.
Goodness-of-fit (χ2) tests were conducted for
each site to examine whether expected number of taxa in each abundance class differed
from observed values.
Shannon diversity was calculated as:
S
H′ = –∑ (pi lnpi )
i=1

(6)
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where H′ is an index of diversity, S is the total
number of taxa occurring in a sample, and pi
is the proportional abundance of the ith taxa.
Values usually range from 1.5 to 3.5, with higher
numbers indicating higher levels of diversity.
Simple counts of total number of taxa (total
taxa) and number of Ephemeroptera, Plecoptera, and Trichoptera (EPT taxa) collected were
also included in the analysis since impacted
aquatic systems often exhibit reduced numbers of EPT taxa and taxonomic richness (Resh
et al. 1995).
Data Analysis
We used Canonical Correspondence Analysis (CCA) to examine the relative importance
of measured environmental parameters to
numbers of individuals collected for each taxa
(log2-transformed). The categorical variables,
riparian community type (meadow = 1, willow
= 2, aspen = 3) and ecological status (low = 1,
moderate = 2, high = 3), were not included in
the ordination. These were instead examined
as treatment effects for both the invertebrate
assemblage metrics and proportion of silt in
the streambed. A 2-level nested ANOVA model
(ecological status nested within riparian community type) was used since ranges within
each ecological classification differed depending on riparian community type. We used the
Tukey multiple-comparison test (adjusted for
unequal sample sizes) with significance levels
maintained at the 0.05 level if factor effects
were detected.
Percent similarities to PNC of the riparian
community and plant community diversity
measures (H′ and α) were included in the
CCA along with the 22 environmental variables
previously described, as well as ETs (equation
1). Chlorophyll a concentrations, soil community condition (FRD), stream order, conductivity, and EOs were not input into the data set
because of missing values (chlorophyll a and
soil community condition) and redundancy.
Taxonomic abundance and environmental data
were analyzed using the Cornell Ecology program CANOCO (Ter Braak 1987–1992). CCA
uses reciprocal averaging of species compositions that is constrained by data on environmental factors. Linear combinations of measured environmental variables are used to construct the 3 ordination axes with an associated
eigen value (λ) that describes the explained
variation in taxonomic composition. Options
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selected included centering and standardizing
axis scores to unit variances with scales optimized for representation of invertebrate taxa.
Correlations between axes scores and each
environmental variable (including those environmental parameters not originally included
in CCA) were determined using Statistical
Analysis Software (SAS). Environmental parameters that were significantly correlated with
at least 1 canonical axis were then used as
independent variables in regression analysis.
Dependent variables were the 6 invertebrate
community indices. Multiple regression models
were screened using a 2% or greater improvement to R2 values when each parameter was
subsequently added (RSQUARE option using
PROC REG model construction). Highly correlated environmental variables (r > 0.50) were
restricted from model entry (Cody and Smith
1991). These 6 models were further reduced
by inspecting changes to the index of determination (R2a) to ascertain whether they were
improved by the addition of another parameter compared to preceding models.
RESULTS
Sampling Effort and Aquatic Insect
Community Indices
Eighty-five percent (89 of 105) of aquatic
invertebrate taxa collected were identified to
genus and to species when possible (Table 2).
Variability in number of taxa collected using a
predetermined relative error of 20% suggested
that 5 replicates per site reasonably described
the community, as 3 Surber samples was the
most frequent number calculated for the 33
sites (Table 3). In fact, estimates of the required sampling effort were between 1 and 5
samples for 45% of the sites. However, variability in number of taxa captured did elevate
estimates of sampling effort required to very
high levels at several sites. Our samples were
more variable in number of organisms collected than for taxonomic units. As a result,
estimated sampling effort for capturing a representation of abundance was higher, with a
mode of 6 samples (Table 3). Six sites required
≤5 samples to determine abundance of aquatic
invertebrate taxa with a relative error of 40%.
Aquatic invertebrate community indices
were highly correlated with one another.
Community tolerance quotients (CTQa and
CTQd) were significantly positively correlated
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to each other (r = 0.58, p < 0.001) and negatively correlated to number of EPT taxa
(CTQa: r = –0.74, p < 0.0001; CTQd: r =
–0.44, p ≤ 0.05). CTQd was also significantly
correlated to the diversity metrics (H′: r =
–0.57, p < 0.001; α: –0.51, p ≤ 0.05). Diversity
measures (r = 0.73, p < 0.0001) as well as
total taxa and EPT taxa (r = 0.63, p < 0.0001)
were significantly positively correlated to one
another.
The logarithmic series model (the basis for
determining α-diversity levels) demonstrated
an overall good fit for a majority of our sites
(27 of 33), with significant departures from
expected distributions occurring at Reese 13
(χ2 = 24.8, df = 10), Indian 14 (χ2 = 32.8, df =
10), Kingston 15 (χ2 = 27.0, df = 10), Marysville 25 (χ2 = 26.7, df = 11), Blackbird 29 (χ2
= 1278.6, df = 10), and Peavine 32 (χ2 =
22.6, df = 10).
Plant Community Type
and Ecological Status
Four of 6 ANOVA models for aquatic invertebrate community indices were not significant, either among groups (riparian community type) or within groups (ecological status)
(CTQa: F2,5 = 4.09, F5,25 = 1.87; CTQd: F2,5 =
2.63, F5,25 = 2.06; total taxa: F2,5 = 0.02, F5,25
= 1.12; EPT taxa: F2,5 = 2.07, F5,25 = 1.07).
In contrast, both diversity indices were significantly related to ecological status (H′-diversity:
F2,5 = 2.14, F5,25 = 2.84; α-diversity: F2,5 =
1.34, F5,25 = 2.92). Tukey mean comparisons
of Shannon diversity levels were significant
for willow in moderate and high condition (0.78
± 0.17, q25,12 = 4.60), for willow and meadow
in moderate condition (0.60 ± 0.16, q25,12 =
3.82), for meadow and willow in high condition (0.65 ± 0.19, q25,12 = 3.42), and for aspen
in both moderate (0.60 ± 0.17, q25,12 = 3.54)
and high (0.56 ± 0.14, q25,12 = 4.02) condition
compared to willow communities in high condition. Mean comparisons for α-diversity of the
aquatic invertebrate fauna were similar, with
significant differences occurring for willow in
moderate condition compared to both meadow
in moderate condition (1.92 ± 0.53, q25,12 =
3.63) and willow in high condition (2.4 ± 0.57,
q25,12 = 4.21), as well as for aspen in moderate condition compared to both meadow in
moderate condition (1.89 ± 0.53, q25,12 = 3.53)
and willow in high condition (2.35 ± 0.57,
q25,12 = 4.12).
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TABLE 2. Aquatic invertebrate taxa collected from 33 stream sites in the Toiyabe Range sampled in June 1994. Tolerance quotients (TQ) that were available either from the literature or from consultations with Fred Mangum (Aquatic
Ecosystem Laboratory, Provo, UT) are provided. Voucher specimens and samples are maintained at the University of
Nevada–Reno, Biology Department.
Order

Family

Genus sp.

TQ

Amphipoda
Anisoptera

Talitridae
Aeshnidae

Coleoptera

Amphizoidae
Chrysomelidae
Curculionidae

Hyalella azteca
Aeshna sp.
Triacanthogyna trifida
Amphizoa sp.
Donacia sp.
Hyperodes sp.
Listronotus sp.
Lixus sp.
Steremnius sp.
Helichus sp.
Hydaticus sp.
Dytiscus sp.
Eretes sticticus
Hydroporus sp.
Hydrovatus sp.
Nebrioporus sp.
Rhantus sp.
Dubiraphia sp.
Optioservus sp.
Zaitzevia sp.
Dineutus sp.
Gyrinus sp.
Peltodytes sp.
Hydraena sp.
Ametor sp.
Helophorus sp.
Laccobius sp.
Tropisternus sp.

98
72
72
24
—
—
—
—
—
72
72
72
72
72
72
72
72
—
104
104
108
108
54
72
72
72
72
72
—
—
—
—
96
108
108
4
108
108
108
108
86
100
66
108
108
108
72
72
72
2
92
30
18
21

Dryopidae
Dytiscidae

Elmidae

Gyrinidae
Haliplidae
Hydraenidae
Hydrophilidae

Lampyridae
Limnichidae
Noteridae
Collembola
Diptera

Ephemeroptera

Ceratopogonidae
Chironomidae
Culicidae
Deuterophlebiidae
Dixidae
Dolichopodidae
Empididae
Muscidae
Psychodidae
Ptychopteridae
Rhagionidae
Simuliidae
Stratiomyidae
Tabanidae
Tipulidae
Ameletidae
Baetidae
Ephemerellidae
Heptageniidae

Suphisellus sp.
Bezzia sp.

Deuterophlebia coloradensis

Chelifera sp.
Limnophora sp.
Pericoma sp.
Atherix sp.
Simulium sp.
Euparyphus sp.

Ameletus sp.
Baetis sp.
Drunella doddsi
Ephemerella inermis
Cinygmula sp.
Epeorus sp.
Rhithrogena sp.
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TABLE 2. Continued.
Order

Family

Genus sp.

TQ

Ephemeroptera

Leptophlebiidae

Choroterpes sp.
Leptophlebia sp.
Paraleptophlebia sp.

Gastropoda
Hemiptera

Corixidae

Corisella sp.
Hesperocorixa sp.

Cosmopterigidae

Pyroderces sp.

Lumbricidae

Lumbricus sp.

Capniidae
Chloroperlidae

Eucapnopsis brevicauda
Paraperla sp.
Suwallia sp.
Sweltsa sp.
Malenka sp.
Prostoia besametsa
Zapada sp.
Doroneuria baumanni
Hesperoperla pacifica
Cultus sp.
Isoperla sp.
Megarcys signata
Pteronarcella sp.
Amiocentrus aspilus
Brachycentrus sp.
Micrasema sp.
Oligoplectrum echo
Anagapetus sp.
Glossosoma sp.
Cheumatopsyche sp.
Hydropsyche sp.
Parapsyche almota
Hydroptila sp.
Ochrotrichia sp.
Oxyethria sp.
Lepidostoma sp.
Chyranda centralis
Ecclisomyia sp.
Hesperophylax sp.
Neophylax sp.
Namamyia sp.
Dolophilodes sp.

60
36
30
108
—
108
98
72
108
108
108
108
—
24
24
24
6
24
16
18
30
12
48
30
30
24
24
24
24
24
24
108
108
10
108
108
108
24
18
24
108
24
—
24
64
72
72
24
108
72
108

Hydracarina
Lepidoptera
Nematoda
Oligochaeta
Ostracoda
Pelecypoda
Plecoptera

Nemouridae

Perlidae
Perlodidae

Trichoptera

Pteronarcyidae
Brachycentridae

Glossosomatidae
Hydropsychidae

Hydroptilidae

Lepidostomatidae
Limnephilidae

Odontoceridae
Philopotamidae
Phryganeidae
Polycentropidae
Rhyacophilidae
Tricladida
Zygoptera

Coenagrionidae

Polycentropus sp.
Rhyacophila acropedes
R. hyalinata
Amphiagrion sp.
Argia sp.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Site

5
4
3
3
2
1
39
17
31
1
8
13
6
25
66
11
7
21
10
3
3
4
9
6
3
22
4
2
56
5
3
7
9

26
11
2
8
10
3
23
16
12
3
6
42
24
32
36
15
8
28
25
10
7
5
8
2
19
6
6
10
16
11
31
12
1

ETs,Os
(± % DT,O)
____________________
ETs
EOs
DT: 20%
DO: 40%

73.0
61.2
60.3
53.4
53.9
59.5
81.8
73.4
61.6
55.1
73.5
54.3
56.6
80.2
96.7
64.4
70.8
56.0
69.8
65.4
62.4
60.5
58.5
63.3
60.0
73.0
79.3
87.6
65.6
67.7
65.4
67.1
72.6

CTQa
101.2
88.0
75.1
75.3
89.7
74.0
101.4
100.4
76.5
78.0
97.7
96.9
95.9
99.5
106.7
92.6
94.8
62.8
84.5
79.9
78.3
86.5
100.2
80.2
96.5
97.9
96.9
96.3
73.5
82.4
93.3
103.5
97.5

CTQd

BCI
components
_________________

1.80
2.00
2.16
2.32
1.72
2.09
1.80
1.99
1.62
2.57
1.82
1.15
1.25
1.19
1.24
1.95
2.25
2.06
2.01
1.67
1.99
2.33
1.44
1.87
1.27
1.61
2.04
1.88
2.02
1.94
2.09
1.45
1.36

4.50
3.85
5.29
4.74
4.21
3.56
1.85
4.20
4.72
6.30
4.59
2.06
2.11
1.88
2.04
3.87
4.10
4.65
3.17
3.06
3.53
4.99
3.80
3.35
2.13
4.13
4.08
5.75
6.03
4.59
3.23
2.35
2.94

Diversity indices
__________________
Shannon
Alpha
(H′)
(α)
27
20
27
23
24
22
11
23
19
27
22
14
13
9
15
23
24
23
24
17
17
23
22
19
19
16
27
27
11
23
24
17
19

11
13
17
16
18
14
0
9
6
16
10
10
9
2
3
14
13
13
13
11
10
15
14
10
11
6
6
5
6
12
14
10
8

1832
689
1269
587
1461
1690
716
1988
257
532
699
1840
1005
216
2836
2137
1949
710
2658
758
393
683
1260
832
5826
312
3713
565
37
906
2716
3299
2467

Taxa and individuals
collected
_________________________
Total
EPT
taxa
taxa
N
0
0
1.22 ± 0.19
0.17 ± 0.01
0.89 ± 0.48
0.02 ± 0.02
0
0
0
0
0.72 ± 0.05
0.65 ± 0.00
0.40 ± 0.01
60.7 ± 0.00
0.16 ± 0.00
0.91 ± 0.67
0
0
0
0
0.72 ± 0.02
0.28 ± 0.13
0.74 ± 0.37
0.48 ± 0.00
0.60 ± 0.01
0
0
0
0
0
0
0.93 ± 0.23
0.42 ± 0.15

0
0
om, sf, st
sf, st
om, sf, st
och
0
0
0
0
sf, st
om, ro, sf, st
ct, och, om, sf, st
ct, ro
om, st
om, st
0
0
0
0
sf
sf
om, sf, st
sf
sf
0
0
0
0
0
0
st
st

Fish surveys
______________________________
Density
Species
(no./m2)
collected

TABLE 3. Sampled biota surveyed in June 1994 in the Toiyabe Range, Nevada. Estimated samples required using standard deviations of either number of taxa (ETs) or number of
organisms (EOs) collected from 5 Surber samples at 33 study sites (see equation 1 in text for details), calculated indices based on the Biotic Condition Index (BCI), diversity measures
(H′ and α), total counts of all taxa (total taxa) and enumerations of taxa in the orders Ephemeroptera, Plecoptera, and Trichoptera (EPT taxa) as well as total number of invertebrates
collected (N) are presented. Results from fish surveys are shown for density estimates (x– ± s) and cumulative species collected. Fish species acronyms are: Catostomus tahoensis (ct),
Oncorhynchus clarki henshawi (och), Oncorhynchus mykiss (om), Rhinichthys osculus (ro), Salvelinus fontinalis (sf), and Salmo trutta (st).
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Environmental Variables

While only 1 of 3 riparian plant community
measures (H′-plant) contributed somewhat to
CCA results, 12 other environmental variables
were more effective in distinguishing invertebrate community assemblages from one
another (Figs. 3a, 3b). Particularly influential
parameters to axis construction were percent
silt and cobble in the stream channel, total
dissolved residue, and PO4–P concentrations.
All 6 regression models using aquatic invertebrate community indices as community descriptors were significantly related to reduced subsets of the 15 environmental parameters
(Table 4). The number of parameters used in
each model ranged from 5 (EPT taxa) to 9 for
both diversity measures (H′ and α). The most
common environmental parameters used in
the models were percent silt, percent cobble,
and temperature. Percent cobble was the only
significant factor of these 3 for the H′-diversity model. Dissolved oxygen was used in 4
models, but was a significant factor for only
CTQa and α-diversity. Sample variability in
number of organisms collected (EOs) was used
in 4 models and was a significant component
for all except CTQd. Variability in number of
taxa collected (ETs) was a significant component
for both CTQd and EPT taxa models. Fish
diversity helped to explain variability of both
diversity measures of invertebrate assemblages.
Nitrate concentration was used to describe
variability in 3 models, but was significant for
only CTQa. Although a count of cow dung was
included in 3 regression models, it was not a
significant factor for any.
Riparian condition measures were significantly negatively correlated to percent silt in
the substrate (plant community type: r = –0.45,
p ≤ 0.05, ecological status: r = –0.40, p ≤ 0.05,
and H′-plant: r = –0.42, p ≤ 0.05). Both riparian classification indices were positively correlated to percent sand (plant community type:
r = 0.44, p ≤ 0.05; ecological status: r = 0.37,
p ≤ 0.05), and H′-plant diversity showed a significant positive relationship to percent cobble
(r = 0.42, p ≤ 0.05).
Proportion of silt in the stream channel was
significantly related to riparian community
type (F2,5 = 7.64) but not to ecological status
(F5,25 = 1.63). Mean comparisons illustrated
that silt comprised a greater proportion of
substrate composition in channels bordered
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by meadow communities than in sections bordered by either willow (26.0 ± 5.08, q25,3 =
5.12) or aspen (22.03 ± 5.21, q25,3 = 4.23; Fig.
4).
DISCUSSION
Riparian and Biotic Stream
Condition
Our results show that aquatic invertebrate
assemblages in central Nevada are strongly
related to a suite of environmental parameters.
However, measurable effects of riparian community condition on stream condition were
not clearly detectable. This could be due to
effects of integrated influences operating at
larger spatial scales, such as land use practices
in upstream sections of a watershed (Roth et
al. 1996). The USFS Ecological Status Riparian Determination scorecard measures plant
community composition and soil condition in
a small plot along the stream bank, whereas
aquatic invertebrate communities may be responding to processes and conditions occurring
upstream and between watersheds (Richards
et al. 1997). Therefore, while intact riparian
corridors are an essential component of a
properly functioning stream, vegetation composition and structure may not be directly
linked to aquatic communities or habitat conditions at the same sampling sites (Kondolf
1993).
Although our data on aquatic invertebrate
communities are limited to 1 yr, they represent the most extensive effort to collect and
identify aquatic invertebrates in central Nevada.
This collection and the differences we found
between sites provide valuable information for
those interested in designing future stream
condition monitoring programs in this area.
Future studies should address the effects of
temporal variability on community compositions. A preliminary examination of a reduced
set of samples (3 per site) collected in May
suggests that community composition differed
between the 2 months. Effects of seasonal patterns in the interpretation of bioassessments in
other systems have been documented (Furse et
al. 1984, Ormerod 1987). Data collected in multiple years would also be useful for determining
appropriate sampling time intervals to monitor
changes in riparian condition, which could
have resulted from either natural fluctuations
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Figs. 3a, 3b. Canonical Correspondence Analysis of environmental variables and taxonomic occurrences of sampled
aquatic invertebrates, Toiyabe Range, June 1994. Environmental variables used in the data set were percent similarity to
PNC, α-plant diversity of riparian communities, H′-plant diversity of riparian communities, discharge (L sec–1), slope
(%), % silt, % mud (clay), % sand, % pebble, % cobble, % boulder, % woody debris, NH3–N (µg L–1), NO2–N (µg L–1),
NO3–N (µg L–1), PO4–P (µg L–1), cow dung density (number per acre), temperature (˚C), dissolved oxygen (mg L–1),
pH, total dissolved residue (mg L–1), alkalinity (µeq L–1), ETs, fish density (number per m2) and diversity (number of
species collected). Environmental variables that were significantly correlated with at least 1 axis are plotted using standardized canonical coefficients of calculated multiple regression lines. Arrow lengths denote explanatory power of each
parameter in describing variability of the invertebrate community structure between sites. Significance levels of Pearson
correlations (r) describe associations between measured environmental variables and CCA axis scores (p < 0.05*, p <
0.001**, p < 0.0001***).
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TABLE 4. Reduced regression models for aquatic invertebrate community indicators. Independent variables are those
parameters that were correlated with at least 1 canonical axis score and which contributed to improvements of R2 values
of >2% upon addition. Intracorrelated parameters (r > 0.50) were eliminated from the models. Angular transformations
were used for analysis of percentage data, but are reported in original units.
Model
Dependent variable

Independent variables

(βi ± s)

CTQa

7
% silt
dissolved oxygen
temperature
% cobble
NO3-N
ecological status
dung

( 0.19 ± 0.036)
( 2.99 ± 0.745)
( 1.51 ± 0.490)
(–0.14 ± 0.041)
( 0.07 ± 0.024)
(–2.31 ± 1.142)
(–0.01 ± 0.006)

CTQd

7
% silt
temperature
ETs
NO3-N
EOs
dissolved oxygen
alkalinity

( 0.22 ± 0.072)
( 2.12 ± 0.813)
(–0.26 ± 0.126)
(0.07 ± 0.045)
(0.24 ± 0.169)
(1.80 ± 1.419)
(–0.01 ± 0.05)

Diversity (H′)

9
fish diversity
EOs
% cobble
temperature
alkalinity
dung
ecological status
dissolved oxygen
% silt

(–0.19 ± 0.048)
(–0.02 ± 0.005)
( 0.01 ± 0.003)
(–0.06 ± 0.028)
(0.01 ± 0.002)
(0.01 ± 0.001)
(0.13 ± 0.065)
(0.06 ± 0.042)
(0.01 ± 0.002)

Diversity (α)

9
fish diversity
EOs
dissolved oxygen
H′-plant diversity
% cobble
dung
conductivity
NO3–N
ETs

(–0.61 ± 0.164)
(–0.05 ± 0.017)
(0.37 ± 0.143)
(0.50 ± 0.212)
(0.02 ± 0.012)
0.01 ± 0.001)
(0.01 ± 0.002)
(–0.01 ± 0.005)
(0.02 ± 0.014)

Total taxa

8
% silt
pH
total dissolved residue
EOs
temperature
fish diversity
ETs
% cobble

(0.0 ± 0.038)
(5.18 ± 2.175)
(–29.6 ± 13.09)
(–0.16 ± 0.073)
(–0.79 ± 0.381)
(–1.17 ± 0.664)
(–0.08 ± 0.063)
(0.07 ± 0.058)

EPT taxa

5
temperature
ETs
% cobble
% silt
conductivity

(–0.67 ± 0.194)
(–0.09 ± 0.031)
(–0.06 ± 0.022)
(–0.06 ± 0.019)
(0.01 ± 0.004)

F-value
T-value

P-value

0.84 (0.79)

18.31
4.16
4.01
3.09
–2.80
2.69
–2.03
–1.65

0.0001
0.0003
0.0005
0.005
0.01
0.01
0.054
0.11

0.52 (0.38)

3.83
3.36
2.61
–2.08
1.58
1.43
1.27
–0.24

0.006
0.003
0.02
0.048
0.13
0.17
0.22
0.81

0.67 (0.54)

5.22
–3.89
–3.68
2.30
–2.02
1.99
1.80
1.94
1.44
1.26

0.0007
0.0008
0.001
0.03
0.06
0.06
0.09
0.06
0.16
0.22

0.63 (0.48)

4.26
–3.71
–3.03
2.59
2.37
2.05
1.96
1.55
–1.40
1.24

0.002
0.001
0.006
0.02
0.03
0.052
0.06
0.13
0.17
0.23

0.62 (0.50)

4.98
2.52
2.38
–2.26
–2.21
–2.06
–1.76
–1.26
1.18

0.001
0.02
0.03
0.03
0.04
0.050
0.09
0.22
0.25

0.78 (0.74)

19.05
–3.47
–2.86
2.69
–2.68
2.06

0.0001
0.002
0.008
0.01
0.01
0.05

R2

(R2a)
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Fig. 4. Proportions of silt classified into a 2-level nested ANOVA: riparian community type (group) and ecological
status (within group). Percent silt was normalized using arcsin transformations for analysis, but original units are shown.
Sample sizes are listed next to each standard error bar (± 1sx–). Riparian communities with the same letter do not differ
significantly.

or from restoration efforts and management
adjustments. Flooding events in arid regions
such as the Toiyabe Range may be particularly
influential to associations of riparian community condition and aquatic invertebrates
(Fisher et al. 1982, Molles 1985, Grimm and
Fisher 1989). Understanding this level of natural variability will assist managers in recognizing background levels of expected changes
that result from environmental perturbations
(Landres et al. 1999, Swetnam et al. 1999).
Livestock Grazing
The Ecological Status Riparian Determination scorecard was established by the USFS as
a method of evaluating the ability of riparian
communities to support continued livestock
grazing and to recommend rest if necessary
for ecosystem recovery. It is well documented
that grazing by livestock has been a significant
factor in the decline of riparian forests (Keller
and Burnham 1982, Platts and Wagstaff 1984,
Knapp and Matthews 1996). Livestock can
compact soils, exacerbate bank erosion, and
consume seedlings and saplings of woody
riparian species (Platts 1991, Fleischner 1994).
Riparian degradation in the western United
States has contributed to the decline of native
fisheries and has prompted efforts to restore
and protect these resources (Meehan et al.

1977, NRC 1992). A direct measure of historic
and current grazing intensity in the Toiyabe
Range would have permitted a more thorough
analysis of the effects of grazing pressure on
stream condition. However, large allotments
on the Toiyabe Forest and incomplete information on grazing history made such direct
and quantitative measures of livestock use
very difficult. We attempted to quantify grazing pressure using fresh cow dung density
along stream banks. This proved to be a difficult parameter to measure accurately because
excrement from herbivores decomposes gradually. Nonetheless, this parameter did provide
some utility in relating invertebrate assemblages to environmental conditions.
Environmental Effects
The information on aquatic invertebrate
community metrics was used to evaluate associations between assemblage structure, stream
channel characteristics, and water quality. Our
analysis demonstrates that aquatic invertebrate community composition has direct relations to sedimentation and smaller-diameter
substrate. These results are supported by other
investigations where community compositions
were affected by substrate characteristics (Lenat
et al. 1981, Lenat 1984, Richards and Host
1994). The synergistic relationships we describe
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suggest that an overabundance of particular
types of substratum may effectively reduce or
enhance numbers of resident taxa whose abundance is promoted by degraded conditions.
Higher mean tolerance quotients (CTQa
and CTQd) were related to higher stream temperatures, illustrating that more environmentally tolerant taxa can also dominate sites with
elevated thermal regimes. EPT taxa were also
significantly negatively associated with increases
in temperature, providing further evidence
that this parameter strongly influences community assemblage structure. Lethal levels for
some species of Plecoptera and Ephemeroptera have been recorded at 20°C (Whitney
1939, Nebeker and Lemke 1968), whereas
temperatures as high as 40°C can be tolerated
by some Odonates (Garten and Gentry 1976,
Cherry et al. 1979). While scant documentation on the effects of stream temperature to
invertebrate species exists based on field studies, it has been demonstrated that riparian
vegetation in the West can strongly influence
stream thermal regimes and consequently
impact coldwater fish species (Marcuson 1977).
We also demonstrate that the relative amount
of silt differs between plant community type
and is not as strongly linked to ecological status. Our analysis was based on broad divisions
of plant community type and ecological condition categories which may not have discriminated between riparian communities or conditions that exist in the Toiyabe Range, particularly with respect to soil communities. Other
factors that could affect sediment deposition
rates that were not accounted for include the
effects of dissimilar geologic histories. For
example, drainage basins originating from either
volcanic or bedrock formations may exhibit
different aqueous properties due to the unique
physical and chemical characteristics of parent
soils and water table depths inherent in these
land forms (Chambers et al. 1999). Meadow
communities of the Toiyabe Range are associated with alluvial fan deposits (Chambers et
al. 1998) and are characterized by low gradients, a sandy loam soil type with significant
amounts of fine sediment and organic matter,
and higher sediment deposition rates (Rundel
et al. 1988). Cattle spend more time in open
riparian habitat such as this, where bunchgrasses (Gramineae), low shrubs (Salix sp.),
and sedges (Carex sp.) predominate (Northwest Resource Information Center 1993). The
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USFS may have more frequently found
meadow sites to be in low to moderate ecological status due to these combined effects of
disproportionate livestock grazing use and soil
type.
Community Metrics
Many researchers have speculated on the
difficulties of using species richness calculations to detect changes in ecosystem health or
disturbance effects (Schluter and Ricklefs 1993,
Conroy and Noon 1996). We propose that
compositional structure may be a more sensitive indicator of site condition than metrics
based on relative abundance, which is consistent with results from other investigations
(Lenat 1988, Herbst and Knapp 1999).
Diversity measures may not correctly model
extant invertebrate communities because of
spatial and temporal aspects of particular
study designs as well as taxonomic levels used
in identifications (Hughes 1978). The Shannon
diversity index (H′) reaches its maximum level
when all taxa are distributed evenly, which
contradicts assemblage patterns based on lognormal models (Goodman 1975). Pielou (1975)
asserted that diversity indices should be
selected only after species abundance curves
show good fit to empirical data. Our χ2 analysis showed that expected distributions were
not significantly different from observed data
for all but 6 sites, suggesting that α-diversity
was indeed an appropriate metric to use for
examining patterns of taxonomic diversity.
Explanations of these 6 deviants from expected
distributions may not be intuitively obvious,
however, since several unique ecological factors may govern taxonomic diversity at these
sites. These include the lowest ecological status rating of an aspen-dominated site (Blackbird 29), the highest estimated sample size
requirements to reasonably represent taxonomic richness (Kingston 15, Blackbird 29),
the highest density of native fish (Indian 14),
and the highest level of combined introduced
and native fish diversity (Reese 13).
Biotic Interactions
Negative associations of fish diversity and
diversity metrics of invertebrate assemblages
underscore the importance of quantifying predation levels for community assessments such
as this. These results suggest that measuring
invertebrate communities for stream condition
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assessments without any information on associated fish communities may be misleading.
Although effects of fish predation on invertebrate communities have been examined for
high alpine lakes in the Sierra Nevada Range
(Knapp 1996), relatively little is known about
the influence of fish species on native aquatic
invertebrates in freshwater streams. This information would also help to inform managers of
food web dynamics that may be affecting populations of native fishes. Recovery efforts of
Lahontan cutthroat trout in drainages of the
Toiyabe Range, for example, could benefit from
an understanding of cutthroat trout feeding
preferences and food availability that may be
complicated by possible impacts of competition from introduced fish species.
Summary
The USFS riparian classification system has
been shown to be a useful method for managers to assess how land use activities, such as
livestock grazing, have affected riparian conditions. However, based on our work in central
Nevada, we would recommend the incorporation of a more comprehensive stream condition assessment that would include a sampling
program to monitor invertebrate communities
and abiotic measures. This information would
complement existing methods used to evaluate riparian plant and soil condition and provide critical information on the aquatic component of rangeland ecosystems. An approach
such as this would generate a more comprehensive measure of rangeland ecosystem health
and better equip resource managers to monitor effects and make reliable adjustments to
prevailing land use practices.
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LIFE HISTORY VARIATION IN RECENTLY ESTABLISHED
POPULATIONS OF WESTERN MOSQUITOFISH (GAMBUSIA AFFINIS)
Craig A. Stockwell1,2 and Gary L. Vinyard1,3
ABSTRACT.—We report life history characteristics for 4 recently established populations of western mosquitofish
(Gambusia affinis). Mosquitofish from thermally stable habitats, Bonham and Garrett, were characterized by maturity at
large sizes, high fat reserves, and large embryos. In contrast, females from a thermally unstable habitat, Wabuska,
matured at small sizes and had low fat reserves and small embryos. Females from Parker, a site with no appreciable thermal input, matured at intermediate sizes and had low fat reserves as well as large embryos. These populations shared a
common ancestor in 1937; therefore, these results suggest either phenotypic plasticity or rapid evolution.
Key words: translocation, rapid evolution, western mosquitofish, life history traits, plasticity, temperature, novel environments, Gambusia affinis.

Evolutionary ecologists have focused much
attention on the response of organisms to novel
environments (Kettlewell 1973, Stearns 1983a,
Reznick et al. 1990, Meffe 1991). In such conditions new phenotypic variants may emerge.
Indeed, many examples of evolution in the
wild involve situations in which populations
experience novel ecological conditions (Antonovics et al. 1971, Kettlewell 1973, Endler 1980,
Boag and Grant 1981, Stearns 1983a, 1983b,
Reznick et al. 1990, Stockwell and Mulvey 1998,
Stockwell and Weeks 1999). Observed variation also may be due to phenotypic plasticity
(Bradshaw 1965, Caswell 1983, Trexler 1989),
which may or may not be adaptive (Weeks and
Meffe 1996). The prospect for populations to
experience novel environmental conditions has
become more common due to human-induced
environmental change (Hoffman and Parsons
1991) and translocation of populations to new
environments (Stockwell 1995).
Because they have been introduced widely,
live-bearing fishes (Poeciliidae) provide a good
group with which to examine population responses to novel environmental conditions. For
instance, mosquitofish (Gambusia spp.), which
are native to the southeastern United States,
have been introduced worldwide for mosquito
control (Courtenay and Meffe 1989). Mosquitofish occupy a variety of habitats, from icecovered lakes to thermally altered waters

(Krumholz 1948, Meffe 1991, Stockwell 1995).
Thermal springs are perhaps one of the more
novel environments into which mosquitofish
populations have been introduced, because
thermal water sources are virtually absent
throughout their native geographic range (Berry
et al. 1980).
The wide variety of habitats occupied by
various poeciliid species is reflected in considerable interpopulation variation in life history
characteristics (Reznick and Endler 1982,
Stearns 1983a, Trendall 1983, Trexler 1989,
Trexler and Travis 1990, Meffe 1991, Haynes
and Cashner 1995, Hubbs 1996, Reznick et al.
1996b). Life history traits have received much
attention because of their presumed fitness
effects (for reviews see Roff 1992, Stearns 1992).
Herein we report life history characteristics
of 4 recently established populations of western
mosquitofish (G. affinis) in northern Nevada.
These populations shared a common ancestor
approximately 60 yr ago, but occur in habitats
with different thermal characteristics. Thus,
life history differences identified among them
could be indicative of phenotypic plasticity,
rapid evolution, or both.
STUDY SITES
Mosquitofish were first introduced into
Nevada near Fallon in 1934 (Miller and Alcorn

1Program in Ecology, Evolution and Conservation Biology, Biological Resources Research Center and Department of Biology, University of Nevada–Reno, NV
89557.
2Present address: Department of Zoology, North Dakota State University, Fargo, ND 58105.
3Deceased.
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1946, La Rivers 1962). These fish descended
from nonnative populations in California that
were in turn founded from native populations
in Texas (Stockwell et al. 1996). During the
1930s fish were introduced from Fallon to
numerous springs and wells throughout northwestern Nevada (Fig. 1). In 1937 mosquitofish
from Fallon were stocked at Garrett Ranch
(Black Rock Desert). By 1940 mosquitofish
had been transplanted from Garrett Ranch to
Parker Ranch (northern Smoke Creek Desert)
and from Parker Ranch to Bonham Ranch
(southern Smoke Creek Desert; Jack Bonham,
Jimmy Parker, and Betty Paschall, personal
communication). By 1940 mosquitofish had
been transplanted from Fallon to Wabuska Hot
Springs by Wally White (Vernon Mills, Churchill
County Mosquito Abatement District; Raymond Alcorn, Nevada Department of Wildlife,
personal communication). These Nevada mosquitofish populations are at least 50 linear km
apart, preventing natural gene flow.
These sites differ in thermal and chemical
characteristics (Table 1). Flow at Bonham, Garrett, and Parker ranches is maintained by artesian wells drilled in the early 19th century
(Sinclair 1963, Glancy and Rush 1968, Garside
and Schilling 1979). Temperature and conductivity are constant at all 3 sites. Temperatures
at Garrett and Bonham are relatively high
compared to Parker (Table 1). Specific conductance is highest at Bonham, intermediate at
Garrett, and low at Parker (Table 1).
Hot springs historically existed at Wabuska,
but numerous wells are also present in this
area (Garside and Schilling 1979). Beginning
in 1984, habitats at Wabuska were supported
by surface discharge from a geothermal plant
(Grace Townsend, TADS Enterprises, personal

Fig. 1. Introduction history of mosquitofish populations
at Nevada study sites.
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TABLE 1. Summary of environmental characteristics for 4
Nevada study sites.
Population

Temperature
(°C)

Specific conductivity
(µmhos cm–1)

Bonham
Garrett
Parker
Wabuskaa

34–36
34
28
12–40

4150
1410
266
1700

aSee Figure 2 for details on temperature fluctuations.

communication). Although conductivity is relatively constant at this site, intermittent well
inflow causes large temperature fluctuations
(Table 1). For example, during plant operation
water temperatures range from 25°C to 40°C,
but during winter temperatures can drop as
low as 12°C during plant shutdown. These
temperature fluctuations affect all areas inhabited by fish, and ambient temperatures persist
until reactivation of hot wells.
The periodicity of such temperature changes
is not available, but data on geothermal plant
operation provide insights regarding thermal
characteristics at Wabuska. The 1st geothermal plant in Nevada was commissioned at
Wabuska in 1984. From 1984 through 1987
the plant operated near capacity (Grace Townsend, TADS Enterprises, personal communication). We obtained power production data for
the Wabuska geothermal plant for 1988–1995
(Don Townsend, TADS Enterprises, Reno, NV).
The plant operated at or near capacity during
all months in 1988. However, between 1989 and
1995 relative power production was erratic
(Fig. 2). It is likely that water temperatures
were also erratic during this time.
METHODS
During April and May 1993, we collected
fish by dip net and preserved them in 5% formalin. To estimate female size distribution, we
measured standard length (SL) to the nearest
0.01 mm for up to 100 females arbitrarily
selected from each collection. All female fish
were measured from collections with fewer
than 100 females.
Life history data were obtained from dissections of a stratified sample of females from
each collection. Females were grouped into 1mm size classes, and 3 individuals per size class
were dissected following techniques outlined
by Reznick (1981). Contents of the digestive
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(gross – net)/gross *100
Reproductive allocation was computed as
the percentage of total dry mass contained in
reproductive tissues. Embryo weight was determined by dividing total embryo weight by number of embryos. This was necessary because of
the high measurement error encountered when
embryos were weighed individually.
Analyses

Fig. 2. Relative monthly power production for 1988–1995
at Wabuska Geothermal Plant, Nevada. Monthly production was scored relative to the highest observed amount of
power produced during that particular month. For instance,
the highest production during January was observed in
1988; all other January production values were scored relative to this score.

tract were removed and discarded. Embryos
were counted and evaluated for developmental stage following Reznick (1981): no development (stage 1), un-eyed (stage 2), early-eyed
(stage 3), mid-eyed (stage 4), late-eyed (stage
5), very late-eyed (stage 6). Somatic and reproductive tissues were oven-dried at 56°C for
18–24 h and weighed to the nearest 0.1 mg
(gross dry weight). Minimum size at maturity
represents the smallest size class in which 2 of
3 females were mature (Reznick 1981).
Fat extraction was accomplished by placing
fish carcasses in scintillation vials filled with
approximately 20 mL of anhydrous ether.
Ether was replaced after 24 h and discarded at
48 h. Fish were dried overnight at 56°C and
reweighed (net weight; Reznick and Braun
1987). Fat content was computed as a percentage of mass allocated to fat:

Data were analysed using a 2-way ANOVA
(fat content, reproductive allocation) or
ANCOVA (embryo weight) to test for main
and interactive effects of site and sample date;
both were treated as fixed effects. Each monthly
collection was also analyzed separately with
ANOVA or ANCOVA. Because female size
can influence reproductive characteristics, it is
typically included as a covariate in analyses
(Reznick 1981, Meffe 1991). Because embryo
weight changes during development (Reznick
1981), analyses of embryo weight were restricted to eyed embryos (stages 3–6), and
developmental stage was used as a covariate
for comparing embryo size among populations.
The assumption of homogeneity of slopes was
met for the covariates of embryo weight:
embryo developmental stage and female size.
In cases where the covariate had no significant
effect, it was removed from the model.
Tukey’s HSD test was used to test for pairwise differences among groups for all ANOVA
and ANCOVA analyses. Plots of residuals
were visually inspected to assure that residuals met the assumptions of normality in the
analysis of variance. We maintained experimental-wise error rate at α = 0.05 with a
sequential Bonferroni test (Sokal and Rohlf
1995).
We do not report brood size data because the
ANCOVA assumption of homogeneity of slopes
could not be met. Meffe (1991) addressed this
problem by regressing brood size on female
size and then comparing predicted brood size
for females of an “average” size. However, because female size varied substantially among
populations, selection of an “average” female
was problematic. Brood size data are reported
elsewhere (Palmquist and Stockwell 1995). In
general, Wabuska and Parker females had the
largest broods and Bonham the lowest brood
sizes (Palmquist and Stockwell 1995).
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At least 59% of females sampled from each
collection were pregnant (Table 2-A, 2-B),
indicating that the reproductive season was
well underway by April. Female size was influenced by DATE (F[1,720] = 51.551, P <
0.001), SITE (F[3,720 ] = 79.629, P < 0.001),
and DATE × SITE interaction (F[3.720] =
10.607, P < 0.001). Fat content was significantly affected by DATE (F[1,317] = 44.189, P
< 0.001), SITE (F[3,317] = 106.380, P <
0.001), and DATE × SITE interaction (F[3.317]
= 12.415, P < 0.001). Reproductive allocation was not significantly affected by DATE
(F[1,320] = 4.960, P = 0.027), but significant
effects were observed for SITE (F[3,320] =
22.092, P < 0.001) and DATE × SITE interaction (F[3.320] = 31.034, P < 0.001). Embryo
weight was affected by DATE (F[1,168] =
4.713, P = 0.031), SITE (F[3,168 ] = 18.602, P
< 0.001), DATE × SITE (F[3.168] = 3.999, P <
0.001), and by the covariates of FEMALE
SIZE (F[1.168] = 10.025, P < 0.002) and
EMBRYO STAGE of development (F[1.168] =
12.139, P < 0.001).
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Significant interaction effects were observed
for female size and fat content probably because these variables decreased from April to
May, but the relative magnitude of this
decrease (slope) was not similar (not parallel)
among sites. Embryo weight decreased from
April to May for Bonham, Parker, and Garrett
populations, but did not change in the Wabuska
population.
The DATE × SITE interaction for reproductive allocation was due to a change in site
rankings between months (Fig. 3). In April,
Wabuska females had significantly higher reproductive allocation than either Garrett or
Parker females. However, in May, reproductive allocation for Wabuska females was significantly lower than Parker females and similar
to Garrett females (Fig. 3). Because of this
relationship, no further analyses of reproductive allocation were undertaken.
Female size varied significantly among the
4 sites in April and May (Table 2). Wabuska
females were significantly smaller in April than
females from the other 3 populations (Table 2).
Bonham females were significantly larger than

TABLE 2. Life history characteristics of Nevada mosquitofish populations in April (2-A) and May (2-B) 1993.1
Population
_________________________________________________________________
Bonham
Garrett
Parker
Wabuska
2-A) APRIL
Female size (mm SL)
F = 99.592, P < 0.001
Pregnancy rates (percent)
Minimum size maturity (mm SL)
Fat content (percent)
F = 59.441, P < 0.001
Embryo weight (mg)
F = 30.970, P < 0.001
2-B) MAY
Female size (mm SL)
F = 19.999, P < 0.001
Pregnancy rates (percent)

33.74 ± 0.62a
(n = 73)
94.29
(n = 35)
26
16.49 ± 1.51a
(n = 33)
1.84 ± 0.11a
(n = 11)

26.51 ± 0.69b
(n = 56)
60.42
(n = 48)
21
21.90 ± 1.01b
(n = 29)
1.77 ± 0.12a
(n = 8)

27.45 ± 0.37b
(n = 100)
88.14
(n = 59)
19
9.66 ± 0.47c
(n = 52)
1.90 ± 0.09a
(n = 31)

22.16 ± 0.37c
(n = 99)
81.25
(n = 48)
18
5.68 ± 0.62d
(n = 39)
1.08 ± 0.03b
(n = 32)

26.47 ± 0.89g
(n = 100)
58.93
(n = 56)
22
11.32 ± 0.68g
(n = 32)
1.55 ± 0.09g
(n = 18)

25.35 ± 0.58g
(n = 100)
63.38
(n = 71)
20
14.43 ± 0.72h
(n = 41)
1.68 ± 0.08g
(n = 21)

25.68 ± 0.67g
(n = 100)
90.00
(n = 60)
22
7.63 ± 0.41i
(n = 54)
1.43 ± 0.07g
(n = 31)

20.10 ± 0.35h
(n = 100)
84.91
(n = 53)
16
6.64 ± 0.39i
(n = 45)
1.08 ± 0.08h
(n = 26)

Minimum size maturity (mm SL)
Fat content (percent)
F = 44.300, P < 0.001
Embryo weight (mg)
F = 8.389, P < 0.001
Covariates:
female size: F = 7.110, P = 0.009
developmental stage: F = 12.249, P < 0.001

1Data for female size, fat content, and embryo weight are presented as mean ± standard error of the mean, and sample sizes are given in parentheses. Data were

analyzed by month. Means sharing a letter were not significantly different.
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significantly larger than Wabuska embryos
(Table 2-A, 2-B).
DISCUSSION

Fig. 3. Reproductive allocation (mean ± sx–) by month
for the 4 study populations (B = Bonham, G = Garrett, P
= Parker, W = Wabuska). Dotted lines illustrate the
DATE × SITE interaction.

females in the other 3 populations, but females
from Parker and Garrett did not differ significantly in size (Table 2-A). In May, Wabuska
females were once again smaller than females
from the other populations. No significant differences were detected among Bonham, Garrett, and Parker populations (Table 2-B).
Minimum size at maturity during April and
May was smallest for Wabuska females and
largest for Bonham females (Table 2-A, 2-B).
Parker females matured at relatively small
sizes in April but moderate sizes in May. Garrett females matured at moderate sizes during
both months (Table 2-A, 2-B).
Fat content varied significantly among populations during April and May (Table 2-A, 2B). Garrett females had highest mean fat content in both months. Bonham females had
higher fat content than either Parker or
Wabuska females in both months (Table 2-A,
2-B). In April, Parker females had significantly
higher fat reserves than Wabuska females, but
these populations did not differ during May
(Table 2-A, 2-B).
Embryo size varied significantly among
sites during April and May (Table 2-A, 2-B).
Female size and embryo stage of development
were significant covariates in May but not
April (Table 2). During both months Bonham,
Garrett, and Parker embryo weight did not
vary significantly from each other, but all were

Striking life history differences were observed among Nevada mosquitofish populations that shared a common ancestor less than
60 yr ago. These sites varied in both water
chemistry and temperature. Both environmental factors have been shown to influence
life history characteristics of mosquitofish
(Stearns and Sage 1980, Vondracek et al. 1988,
Brown-Peterson and Peterson 1990, Meffe
1991).
In this study life history characters seem to
be more closely associated with thermal conditions than with specific conductance. For
example, Bonham and Garrett females had
similar life history traits: maturity at large
sizes, relatively high fat reserves, and large
embryos. These sites have similar thermal
conditions but differ considerably in specific
conductance. Also, Wabuska and Garrett
females had very different life history traits,
despite the fact that they experience similar
specific conductance.
Wabuska females, which occupied the most
unpredictable thermal habitat, had the most
distinctive life history characters: maturity at
small size, low fat reserves, and small embryos.
Wabuska females were exposed to fluctuating
thermal environments where water temperatures ranged from 12° to 40°C.
Life history characters for the Wabuska
population were similar to those observed by
Meffe (1991), who found life history characters
of eastern female mosquitofish (G. holbrooki)
to be correlated with water temperature fluctuations. Females at both Par Pond, South Carolina (Meffe 1991), and Wabuska are exposed to
variable thermal environments, and both populations exhibit similar life history tactics. This
may indicate a generalized response of mosquitofish to thermal fluctuations.
The association between water temperature and maturity at small sizes may reflect
phenotypic plasticity. Shifts in temperature
are likely to influence food availability as well
as metabolism in mosquitofish (Vondracek et
al. 1988, Meffe 1991). Further, Vondracek et
al. (1988) reported that size of maturity in
mosquitofish is reduced for animals raised at
low temperatures.
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However, 2 results are consistent with the
hypothesis that life history traits of Wabuska
females are evolutionary responses to a harsh
environment. First, mosquitofish at Wabuska
were significantly smaller than females from
the other 3 populations. Because age and size
have been shown to be correlated (Reznick et
al. 1990), these data suggest that Wabuska
females did not live as long as females from
other sites. Alternatively, these data may simply reflect relatively lower growth rates of
Wabuska females due to low food availability.
Second, Wabuska fish had very low fat content. Collectively, these factors suggest that
Wabuska was a comparatively harsh environment. Such harsh conditions may lower both
growth rate and average life expectancy of
Wabuska mosquitofish, which should select
for maturity at a smaller size (Gadgil and
Bossert 1970, Roff 1984, 1986, Stearns and
Koella 1986). Thus, our results may reflect
rapid life history evolution. Evolution in response to temperature fluctuations would have
been extremely rapid because mosquitofish at
Wabuska would have experienced this type of
envrironment for only 4 yr (1989–1993; 12–16
generations; Fig. 2).
In contrast to other life history traits, reproductive allocation was not clearly associated
with thermal characteristics. Strong DATE ×
SITE interactions for this variable suggest this
trait is plastic or that resources may vary in
time and space. If resource distribution is unpredictable early in the season, plastic responses
of reproductive allocation could allow females
to respond quickly to local conditions.
We hypothesized that observed life history
differences are responses to thermal environments. However, these life history traits may
be associated with factor(s) that covary with
temperature (Meffe 1991). Others have reported
similar associations between life history characteristics and specific environmental factors
such as predation (Reznick and Endler 1982,
Reznick et al. 1990, Belk and Hales 1993) and
fluctuating habitats (Stearns 1983a). However,
determining the actual mechanism(s) responsible for the observed life history phenotype
requires detailed ecological information and
carefully designed field experiments (Reznick
et al. 1996a).
The data reported here are consistent with
those from other studies that reported interpopulation variability in poeciliid life history
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characters (Reznick and Endler 1982, Stearns
1983a, 1983b, Trexler and Travis 1990, Haynes
and Cashner 1995, Hubbs 1996, Reznick et al.
1996b). Rapid life history evolution has been
reported in Trinidadian guppies (Poecilia reticulata) and recently founded populations of
western mosquitofish in Hawaii (Stearns 1983a,
1983b, Reznick et al. 1990). Hubbs (1996)
observed extensive variation in life history
traits among populations of G. affinis in Texas,
but traits were not correlated with geography
or environmental variables. Interestingly, populations in Nevada are derived from 2 wild
populations in Texas that were introduced to
California in 1922 (Stockwell et al. 1996).
However, the early founding population in
California appears to have experienced a
genetic bottleneck during population establishment (Stockwell et al. 1996). Furthermore,
fish were not introduced to Nevada until 1934,
which was 12 yr after their initial introduction
to California (36–48 generations). It seems unlikely that observed differences in Nevada represent historical differences in the native Texas
populations; however, we cannot exclude this
possibility.
Our data are of particular interest because
life history traits are associated with thermal
characteristics of their respective habitats and
because the introduction history of these populations is known. This raises the possibility
that rapid evolution has occurred in these
recently established populations. Indeed, Stockwell and Weeks (1999) report a genetic basis
for 2 of these life history traits, indicating that
rapid life history evolution has occurred in these
recently established populations.
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ALLOZYME VARIABILITY, ISOLATION, AND DISPERSAL OF
EUSATTUS MURICATUS (COLEOPTERA: TENEBRIONIDAE)
WITHIN SILVER STATE DUNE COMPLEX,
GREAT BASIN, WESTERN NORTH AMERICA
Tammy M. Epps1, Hugh B. Britten1,2, and Richard W. Rust1,3
ABSTRACT.—Genetics of Eusattus muricatus (Coleoptera: Tenebrionidae) populations within Silver State Dune Complex in the northern Great Basin of North America were assayed using allozyme electrophoresis. Hierarchical F-statistics showed no significant population subdivision among 3 valleys comprising Silver State Dune Complex. A regression
of estimated pairwise gene flow (Nm) against pairwise geographic distance was not significant for populations within
these valleys, but it was significant over larger distances. A neighbor-joining phenogram did not represent geographic
relationships among populations in the 3 valleys but reflected the past geologic history of these dunes. Pairwise divergence times were low (<7000 yr) for populations within Silver State Dune Complex but were high (>18,000 yr) in outgroups.
Key words: allozymes, Tenebrionidae, Eusattus, population genetics, biogeography.

The following article is dedicated to Gary L.
Vinyard. Gary was an aquatic biologist who loved
the Great Basin. He was an excellent teacher, a
dedicated researcher, a conservation biologist, and a
friend of Great Basin fishes. His works will long be
remembered and used.

The Great Basin in western North America
(Morrison 1991) contains extensive sand dunes
that are of Holocene origin (Born 1972, Benson
et al. 1990). These dunes and their association
with pluvial lakes and water courses have
been well studied (Smith 1982, Benson et al.
1990, Eissmann 1990, Morrison 1991). Eusattus
muricatus (Coleoptera: Tenebrionidae) is perhaps the most abundant of the 15–20 duneobligate, flightless insects confined to these
dunes (Bechtel et al. 1983, Doyen 1984, Rust
1986). Adults may be found foraging on the
dune surface at dawn and dusk throughout the
warmer months of the year (Doyen 1984, Rust
1986). Their ecology appears typical of other
dune-obligate beetles, and therefore E. muricatus serves as a kind of “umbrella species” for this
understudied fauna. The distribution of this
insect on relatively isolated sand dunes makes
it an excellent subject for examining population genetics, dispersal, and fragmentation
events (Stock and Castrovillo 1981, Higby and

Stock 1982, Larson et al. 1984, Slatkin 1985,
Foster and Knowles 1990, Britten et al. 1994,
1995, Yamashita and Polis 1995, Porter and
Rust 1996).
The relatively well-understood geologic histories of dunes in the Great Basin further aid
in studying population genetic consequences
of habitat isolation for these beetles. Earlier
studies showed that populations of E. muricatus are isolated from gene flow in sand dunes
within different Great Basin pluvial basins
even when these areas are separated by only
tens of kilometers (Britten and Rust 1996,
Epps et al. 1998). Evidence from several other
dune-obligate beetle species suggests that
genetic isolation necessary for speciation occurs
at a spatial scale larger than individual dunes
or dune complexes (Porter and Rust 1996).
Silver State Dune Complex within the Great
Basin consists of 3 sand-filled valleys, Paradise
Valley, Silver State Valley, and Desert Valley,
spanning 2 pluvial Lake Lahontan subbasins,
Blackrock and Humboldt (Fig. 1). Sand in
these valleys originated from a delta of the
Humboldt River entering Black Rock subbasin of Lake Lahontan at Jungo Flat ending
approximately 11,000 BP (years before present)
at the end of the last high stand (Benson et al.

1Biology Department/MS 314, University of Nevada–Reno, Reno, NV 89557.
2Present address: Department of Biology, University of South Dakota, Vermillion, SD 57069.
3Address correspondence to this author.
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Fig. 1. Silver State Dune Complex in north central Nevada with Eusattus muricatus collection locations. The high stand
of Lake Lahontan (1390 m), 20-m contours, geographical locations, and highways are marked.

1990, Eissmann 1990, Morrison 1991). As lake
levels decreased after 9000 BP, sand was exposed and blown throughout the area in an
east-northeasterly fashion (Eissmann 1990).
We used allozymes to examine population
structure of E. muricatus within Silver State
Dune Complex. Levels of variability within
populations were estimated as were levels of
gene flow within and among populations in
these 3 sand-filled valleys. An increased understanding of the small-scale population structure of this representative dune-obligate insect
may be useful in managing unique dune systems of the Great Basin (Britten and Rust 1996).
METHODS AND MATERIALS
Study Site
Adult Eusattus muricatus were sampled
from 4 locations within Silver State Valley, 7
within Desert Valley, and 2 within Paradise
Valley using pitfall traps and direct capture of
adults (Fig. 1, Table 1). Three outgroup populations from outside the Lahontan Basin, 2

from the Mojave Desert and 1 from the Bonneville Basin, were sampled in a similar manner (Fig. 1, Table 1).
Eusattus muricatus populations from Silver
State Dune Complex occur in a vast area of
apparently continuous habitat comprising 3
adjacent sand-filled valleys in the northeastern
portion of the Lahontan Basin. Desert Valley
and Silver State Valley dunes are in Blackrock
subbasin of Lake Lahontan, and Paradise Valley dune occurs in Humboldt subbasin (Benson 1991). The last high stand of Lake Lahontan occurred approximately 14,000 BP and
lasted about 200 yr (Benson 1991). Because of
the relatively low elevation of the sill separating Blackrock and Humboldt subbasins (Fig.
1), the 2 were not separated by lake dry-down
until about 6000 BP (Morrison 1991). This was
a time of high eolian activity in which exposed
deltaic deposits were formed into large sand
dunes present across the Great Basin today
(Born 1972, Eissmann 1990, Morrison 1991).
Wind in the northern Lahontan Basin during
the Holocene was greater than at present,
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TABLE 1. Location, position, and sample sizes of all sampled populations of Eusattus muricatus.
Location
Crescent Dunea
Desert Valley North West 1
Desert Valley North West 2
Desert Valley 1
Desert Valley 2
Desert Valley 3
Jungo Road
Little Sahara Dunea
Mormon Dan Well
Paradise Valley Dune
Paradise Valley Feedlot
Silver State Valley Central
Silver State Valley East
Silver State Valley North
Silver State Valley West
Teels Marsha

Position

Code

Sample size

38°14′N, 117°19′W
41°5′N, 118°9′W
41°6′N, 118°9′W
41°4′N, 118°5′W
41°4′N, 118°3′W
41°5′N, 118°1′W
40°57′N, 118°12′W
39°37′N, 112°24′W
41°8′N, 118°10′W
41°6′N, 117°42′W
41°13′N, 117°39′W
41°7′N, 117°50′W
41°11′N, 117°46′W
41°11′N, 117°58′W
41°4′N, 117°59′W
38°11′N, 118°21′W

CD
DVNW1
DVNW2
DV1
DV2
DV3
JR
LSD
MD
PVD
PVDFL
SSVC
SSVE
SSVN
SSVW
TM

40
40
40
38
35
55
40
40
40
40
37
38
40
40
40
40

aOutgroup populations

facilitating movement of sand from the delta of
the Humboldt River to each of the 3 valleys of
Silver State Dune Complex (Eissmann 1990,
Morrison 1991). Unconsolidated sand is continuously distributed across the 2 passes separating the 3 valleys. Satellite imagery also
indicates active sand movement among the 3
valleys at present (Eissmann 1990). These
populations have probably existed in the area
since the warming and drying of the early
Holocene that marked the end of the last pluvial episode in the Great Basin.
Laboratory Procedures
We transported specimens live to the laboratory where they were stored at –80°C until
prepared for electrophoresis. Preparation
included homogenizing the whole beetle in
0.25 mL of cold extraction buffer (0.05 M tris
HCL, pH 7.0; May 1992). After 20 min of cold
incubation, samples were centrifuged at 12,000
rpm for 5 min. The supernatant was pipetted
into 1.5-mL microcentrifuge tubes and stored
at –80°C. We thawed the resulting liquid and
applied it to filter paper wicks (Whatman No.
3) that were inserted into 14% starch gels (1:1
Sigma and Connaught starches) for electrophoresis. Gels were run approximately 4 h. All
informative gels were photographed for a permanent record.
Allozyme variability was assayed at 27 presumptive loci from 20 enzymes (Table 2). Stains,
buffer systems, and electrophoretic procedures
followed May (1992). Genotypic frequencies
were obtained by direct count of phenotypes

on the gels, with a common electromorph
being scored as C, faster ones scored as B and
then A, slower ones scored as D, etc.
Data Analysis
Using Levene’s (1949) method, we calculated genotypic frequencies expected under
Hardy-Weinberg equilibrium at 17 polymorphic loci. These were compared to observed
frequencies using a chi-square goodness-of-fit
test in BIOSYS-1 (Swofford and Selander 1981).
The sequential Bonferroni method was used
to test the strength of P-values associated with
Hardy-Weinberg expectations (Rice 1989).
A hierarchical chi-square test for heterogeneity of allele frequencies was performed
for sites within the same valley. Nonhierarchical F-statistics and hierarchical F-statistics
were also calculated for estimates of amongpopulation divergence using BIOSYS-1 (Swofford and Selander 1981). F-statistics were (1 –
Fit) = (1 – Fis)(1 – Fst) where Fit is overall
inbreeding, Fis is subpopulation inbreeding,
and Fst is the fixation index. Hierarchical Fstatistics were put in terms of variance components as (1 – Fpt ) = (1 – Fpv )(1 – Fvt ). That is,
Fpt estimates variance in allele frequencies
between populations in the total sample, Fpv
estimates variance in allele frequencies between populations within the same valleys,
and Fvt accounts for variance in allele frequencies due to differences between valleys
within the total sample. Because F-statistics
are a measure of inbreeding, they are useful in
examining relative gene flow among populations
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TABLE 2. Enzyme and buffer conditions used with populations of Eusattus muricatus.
Locus

Enzyme

AAT-1,2
ADA
ADH
DIA
ESTF-1,2
GAM
GAPDH
GDA-1,2
GK
A-GLU
GPI-1,2
G3P-2,3
HA
HBDH
IDH
LDH
ME-1,2
MUP
PGM-2,3
SOD

Aspartate Aminotransferase
Adenosine Deamoinase
Alcohol Dehydrogenase
Dihydrolipoamide Dehydrogenase
Flourescent Esterase
Flu. Galactoseaminidase
Glyceraldehyde-3-Phosphate Dehydrogenase
Guanine Deaminase
Glucokinase
Flourescent Alpha-Glucosidase
Glucophosphate Isomerase
Glycerol-3-Phosphate Dehydrogenase
Flu. Hexoseaminase
3-Hydroxybutyrate Dehydrogenase
Isocitrate Dehydrogenase (NADP)
Lactate Dehydrogenase
Malic Enzyme
Flu. Methylumbelliferyl Phosphate
Phosphoglucomutase
Superoxide Dismutase

Buffera

E.C. number

C
C
R
R
R
R
C
C
C
R
C
C
R
C
TC1
R
TC1
R
C
R

2.6.1.1
3.5.4.4
1.1.1.1
1.8.1.4
3.1.1.–
3.2.1.23
1.2.1.12
3.5.4.3
2.7.1.2
3.2.1.20
5.3.1.9
1.1.1.8
3.2.1.52
1.1.1.30
1.1.1.42
1.1.1.27
1.1.1.40
5.4.2.2
1.15.1.1

aBuffer recipes from May (1992)

within valleys and among populations within
the total sample (Hartl and Clark 1989, Britten
et al. 1994).
We used Nei’s (1978) unbiased genetic identity to calculate overall genetic similarities
among all pairs of populations. DISPAN (Ota
1993), a genetic distance and phylogenetic analysis program, was used to generate a neighborjoining (Saitou and Nei 1987) phenogram based
on Nei’s unbiased (1978) genetic distances (D)
with bootstrap values (Felsenstein 1985).
A protein molecular clock calculation (Penney and Zimmerman 1976, Nei 1986, Bilton
1994) was used for all pairwise populations to
estimate time of divergence using the following formula:
t = D / (2cnta)
where t is pairwise divergence time, D is Nei’s
(1978) genetic distance, c is the proportion of
amino acid substitutions detectible by electrophoresis (0.3; Lewontin 1974), nt is the total
number of potentially mutable codons comprising a protein (80,367 / 110 = 731; where
80,367 is the mean molecular weight of proteins used in this study, and 110 is the mean
molecular weight of an amino acid; Penney
and Zimmerman 1976), and a is the mean
number of amino acid substitutions per year
(2.1 × 10–9; Nei 1986).
Pairwise geographic distance and estimates
of pairwise gene flow (Nm; Wright 1943) were

calculated for all populations using a program
developed by M. Slatkin. A regression analysis
of log pairwise gene flow against log geographic distance was used to test for isolation
by distance (Slatkin 1993). A Mantel test
(Manley 1991) was used to test the correlation
among pairwise gene flow and pairwise geographic distance using 10,000 randomizations.
RESULTS
Allele frequencies for polymorphic loci are
reported in Table 3. Of 27 loci, 10 were monomorphic in all populations. Nine of 16 populations examined differed significantly from
Hardy-Weinberg expectations for at least 1
locus. Of these, 3 populations within Desert
Valley dune differed from Hardy-Weinberg
expectations at ≥2 loci. All deviations from
Hardy-Weinberg proportions were heterozygote deficiencies. Mean observed heterozygosity ranged from 0.015 to 0.041, and percentage of polymorphic loci ranged from 7.4%
to 22.2% using the 95% criterion (Table 4). Ten
alleles were found segregating at only 1 sample location within Silver State Dune Complex (Table 3). Probabilities of detecting these
unique alleles in other samples at the frequencies in Table 3 where n = 40 were 0.55 for
ME-1d; 0.59 for PGM-3a and 3b; 0.65 for
EST-2g, GAM-1d, and GDA-2b; 0.68 for GK1b; 0.87 for GLU-1d; and 0.99 for ME-2d and
PGM-3d (Table 3).

AAT-1
A
B
C
D
AAT-2
C
D
EST-2
B
C
D
E
F
G
GAM-1
C
D
GDA-1
B
C
GDA-2
B
C
GK-1
B
C
D
GLU-1
C
D
GPDH2
B
C

Locus

0.014
0.857
0.000
0.129

1.000
0.000

0.000
0.029
0.171
0.786
0.014
0.000

1.000
0.000

0.000
1.000

0.000
1.000

0.014
0.986
0.000

1.000
0.000

0.000
1.000

1.000
0.000

0.000
0.013
0.132
0.855
0.000
0.000

1.000
0.000

0.000
1.000

0.000
1.000

0.000
1.000
0.000

1.000
0.000

0.000
1.000

DV2

0.014
0.750
0.000
0.236

DV1

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.056
0.167
0.777
0.000
0.000

1.000
0.000

0.000
0.650
0.150
0.200

DVNW1

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.013
0.158
0.816
0.013
0.000

1.000
0.000

0.000
0.750
0.038
0.212

DVNW2

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.000
0.224
0.776
0.000
0.000

1.000
0.000

0.000
0.875
0.000
0.125

JR

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.030
0.197
0.773
0.000
0.000

1.000
0.000

0.000
0.744
0.128
0.128

MD

0.000
1.000

0.975
0.025

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.013
0.138
0.749
0.100
0.000

1.000
0.000

0.014
0.797
0.000
0.189

SSVW

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.000
0.158
0.829
0.013
0.000

1.000
0.000

0.013
0.705
0.064
0.218

SSVC

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.013
0.987

0.000
1.000

1.000
0.000

0.000
0.000
0.276
0.671
0.053
0.000

1.000
0.000

0.000
0.756
0.013
0.231

SSVE

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.000
0.105
0.869
0.013
0.013

1.000
0.000

0.000
1.000
0.000
0.000

SSVN

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

0.987
0.010

0.000
0.015
0.132
0.779
0.074
0.000

1.000
0.000

0.000
0.888
0.000
0.112

PVD

0.000
1.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.000
0.135
0.770
0.095
0.000

1.000
0.000

0.027
0.878
0.000
0.095

PVDFL

0.013
0.987

0.988
0.012

0.000
0.956
0.044

0.380
0.620

0.025
0.975

1.000
0.000

0.033
0.532
0.424
0.011
0.000
0.000

1.000
0.000

0.000
0.310
0.678
0.012

TM

0.000
1.000

0.987
0.013

0.000
1.000
0.000

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.962
0.038
0.000
0.000
0.000

0.974
0.026

0.000
0.577
0.385
0.038

CD

0.000
1.000

1.000
0.000

0.000
0.982
0.018

0.053
0.947

0.000
1.000

1.000
0.000

1.000
0.000
0.000
0.000
0.000
0.000

1.000
0.000

0.000
0.000
1.000
0.000

LSD
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0.000
1.000

1.000
0.000

0.000
0.981
0.019

0.000
1.000

0.000
1.000

1.000
0.000

0.000
0.027
0.255
0.718
0.000
0.000

1.000
0.000

0.000
0.800
0.091
0.109

DV3

Population
____________________________________________________________________________________________________________________________________________
Desert Valley
Silver State Valley
Paradise
Outgroups
__________________________________________________________
_______________________________
_______________
______________________

TABLE 3. Allele frequencies at all polymorphic loci for Eusattus muricatus (unique alleles are underlined).
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1.000
0.000

0.200
0.800

0.000
0.986
0.014

1.000
0.000

1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

0.224
0.776

0.000
0.987
0.013

1.000
0.000

1.000
0.000

0.000
1.000
0.000
0.000

0.000
0.000
1.000
0.000

PGM-3
A
B
C
D

0.000
0.000
0.931
0.069

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.091
0.909

1.000
0.000

0.000
0.946
0.045
0.009

DV3

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
1.000
0.000
0.000

DVNW1

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.013
0.987
0.000

0.000
1.000

1.000
0.000

0.000
0.987
0.013
0.000

DVNW2

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.014
0.986

1.000
0.000

0.025
0.962
0.013
0.000

JR

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
1.000
0.000
0.000

MD

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.386
0.614

1.000
0.000

0.000
0.950
0.050
0.000

SSVW

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

0.821
0.179

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.013
0.987
0.000
0.000

SSVC

0.000
0.000
1.000
0.000

0.013
0.908
0.079
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
0.988
0.013
0.000

SSVE

0.000
0.000
1.000
0.000

0.000
0.808
0.192
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
0.987
0.013
0.000

SSVN

0.000
0.000
1.000
0.000

0.000
1.000
0.000
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
0.974
0.013
0.013

PVD

0.000
0.000
1.000
0.000

0.041
0.918
0.041
0.000

1.000
0.000

1.000
0.000

0.000
1.000
0.000

0.000
1.000

1.000
0.000

0.000
1.000
0.000
0.000

PVDFL

0.011
0.011
0.978
0.000

0.000
0.957
0.043
0.000

1.000
0.000

0.990
0.010

0.021
0.948
0.031

0.000
1.000

1.000
0.000

0.000
1.000
0.000
0.000

TM

0.000
0.000
1.000
0.000

0.000
0.948
0.026
0.026

1.000
0.000

1.000
0.000

0.013
0.987
0.000

0.205
0.795

1.000
0.000

0.000
0.987
0.000
0.013

CD

0.000
0.018
0.982
0.000

0.000
1.000
0.000
0.000

1.000
0.000

0.842
0.158

0.000
0.987
0.013

0.592
0.408

0.000
1.000

0.013
0.882
0.092
0.013
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0.000
0.000
1.000
0.000

0.000
0.943
0.057
0.000

DV2

0.013
0.948
0.039
0.000

DV1

GPI-2
A
B
C
D
G3P-2
C
D
HBDH2
B
C
IDH-1
B
C
D
ME-01
C
D
ME-2
C
D
PGM-2
B
C
D
E

Locus

Population
____________________________________________________________________________________________________________________________________________
Desert Valley
Silver State Valley
Paradise
Outgroups
__________________________________________________________
_______________________________
_______________
______________________

TABLE 3. Continued.
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TABLE 4. Percent polymorphic loci and mean expected heterozygosity for all populations of Eusattus muricatus.
Population

% polymorphic loci

Mean heterozygosity

29.6
7.4
14.8
18.5
22.2
22.2
14.8
25.9
7.4
14.8
11.1
14.8
18.5
11.1
18.5
40.7

0.038
0.015
0.022
0.035
0.029
0.032
0.02
0.031
0.029
0.018
0.024
0.041
0.035
0.015
0.031
0.036

Crescent Dune
Desert Valley North West 1
Desert Valley North West 2
Desert Valley 1
Desert Valley 2
Desert Valley 3
Jungo Road
Little Sahara Dune
Mormon Dan Well
Paradise Valley Dune
Paradise Valley Feedlot
Silver State Valley Central
Silver State Valley East
Silver State Valley North
Silver State Valley West
Teels Marsh

The chi-square test for population heterogeneity in allele frequencies was significant
over all loci and sample locations (χ2 =
5660.18, P < 0.001, df = 465). Chi-square
heterogeneity tests were carried out individually for each dune. Samples from both Silver
State Valley and Desert Valley dunes were significantly heterogeneous (χ2 = 242.89, P <
0.001, df = 45; χ2 = 187.93, P < 0.001, df =
90, respectively), while those from the 2 Paradise Valley Dune sample locations were not
(χ2 = 12.79, P < 0.236, df = 10). Mean F-statistics for all 16 populations included in the
study were: FST = 0.364, FIS = 0.240, and
FIT = 0.517. Hierarchical F-statistics revealed
only weak population structuring due to sampling in different dunes within the complex;
Fvt = 0.143, Fpv = 0.248, and Fpt = 0.356.
Expressed as components of total variance in
allele frequencies (i.e., percentage of the variance component for Fpt ), populations within
valleys (Fpv) contributed 60% of the estimated
total variance in allele frequencies while valleys within the total sample (Fvt ) contributed
40%. Estimated number of migrants exchanged
per generation between pairs of sample locations (Nm) within Silver State Dune Complex
ranged from 2.0 between Silver State Valley
Northwest and Silver State Valley West to 51.4
between Mormon Dan Well and Desert Valley
Northwest. Regression of log Nm against log
pairwise geographic distance for all samples
included in the study was not significant (R2
= 0.00, P = 0.38 for which the observed regression coefficient was equaled or exceeded

in 37.8% of the 10,000 Mantel pseudoreplicates; Fig. 3). Mean F-statistics and Nm estimates for each dune are given in Table 5.
Topology of a neighbor-joining tree (Saitou
and Nei 1987) based on unbiased genetic distances did not correspond to the expected
topology predicted from relative locations of
sample sites within Silver State Dune Complex (Fig. 2). For example, Silver State Valley
Northwest clustered closest to the 2 Paradise
Valley Dune populations, not with nearer Silver State Valley Dune populations (Fig. 2).
Divergence times estimated from genetic distances were <7000 yr for all pairs of populations within Silver State Dune Complex, with
some populations showing divergence times of
<1000 yr. All divergence times between populations within Silver State Dune Complex
and outgroup populations were >18,000 yr.
DISCUSSION
Previous work has demonstrated that isolation by distance describes Eusattus muricatus
population structure over greater distances
between sample locations than encountered in
Silver State Dune Complex (Britten and Rust
1996, Epps et al. 1998). This finding was attributed to an equilibrium between drift among
populations on isolated sand dunes within the
same pluvial basin and among those derived
from different pluvial basins (Britten and Rust
1996, Epps et al. 1998). It is likely that this
equilibrium is due to gene flow in the recent
past and that populations will continue to
diverge in allele frequencies by drift. While
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Fig. 2. Neighbor-joining phenogram for Eusattus muricatus populations with Little Sahara Dune selected as an outgroup
(numbers at nodes indicate bootstrap values).

TABLE 5. Mean F-statistics and estimates of numbers of genetically effective migrants exchanged each generation
(Nm) for Eusattus muricatus within the 3 dunes of Silver State Dune Complex.
Dune
Desert Valley
Silver State Valley
Paradise Valley

FIS

FIT

FST

Nm

0.238
0.183
0.180

0.265
0.266
0.184

0.035
0.102
0.005

6.9
2.2
49.7

isolation by distance suggests equilibrium between drift and gene flow at larger geographic
scales (e.g., basin-wide), a nonequilibrium situation in which gene flow occurs with little
drift is still apparent among populations at
smaller scales in the relatively continuous habitat of Silver State Dune Complex. At yet smaller
geographic scales (e.g., sample sites within a

dune), we see evidence of inbreeding and/or
Wahlund effect within populations. It is possible that individuals from the same broods were
inadvertently sampled at some, or all, locations.
This would be consistent with our observation
that E. muricatus is somewhat patchily distributed on dunes at this small scale. Similar results
have been reported for Aegialia species,

2000]
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Fig. 3. Regression of log pairwise dispersal (Nm) on log
pairwise geographic distance for Silver State Dune Complex samples of Eusattus muricatus (R2 = 0.00, P = 0.70,
y = 1.2 – 0.0x).

another sand-obligate beetle genus from many
of the same dunes sampled for E. muricatus
(Porter and Rust 1996).
Estimates of pairwise divergence times
based on a molecular clock reflect the geologic
history of the 3 valleys of Silver State Dune
Complex. Divergence times of <7000 yr were
estimated for several pairs of populations
within the complex while divergence times
among Silver State Dune Complex populations
and our 3 outgroups (Teels Marsh, Crescent
Dune, and Little Sahara Dune) show divergence times >18,000 yr.
Geologic evidence also supports the apparent anomalous placement of the Jungo Road
( JR) population, which is in Desert Valley
(Blackrock subbasin), with 2 Paradise Valley
(PV and PVFL; Humboldt subbasin) populations on the neighbor-joining phenogram (Fig.
2). The course of the Humboldt River has
changed from late Pliestocene to the present
(Eissmann 1990). The mouth of the river was
near the south end of Desert Valley ( Jungo
Road site) between 22,000 and 13,500 BP. At
present, the Humboldt River turns south in
Paradise Valley and flows further southward,
ending in Humboldt Sink. This changing
course of the Humboldt River since the last
high stand (14,000 BP) provides sand habitat
contact in river bank sand deposits between
Jungo Road and Paradise Valley populations.

289

The other apparently anomalous grouping of
Silver State Valley West (SSVW) and 2 Desert
Valley sites (DVE and DVC) on the neighborjoining phenogram (Fig. 2) is expected as SSVW
and DVE are only 3 km apart and within the
wind flow and sand drift patterns suggested by
Eissmann (1990).
Although flightless, E. muricatus is capable
of moving distances of 500 m in a single night
(Rust personal observation). Gene flow estimates suggest there is enough genetic exchange
among distant locations within the dunes of
Silver State Dune Complex to prevent genetic
divergence and that geographic distance and
gene flow are not statistically related. The
presence of unique alleles in high frequencies
would be contrary evidence for this assertion.
Probabilities of detecting 7 of 10 unique alleles found segregating at various sample locations are low (≤0.68) due to low frequencies
for these alleles and relatively large sample
sizes (n = 40) for each site in Silver State Dune
Complex. The remaining 3 unique allles with
higher detection probabilities (≥0.87) suggest
that some genetic isolation between sample
locations has occurred.
Allozyme results from Silver State Dune
Complex and previous work (Britten and Rust
1996) suggest that there is, or has been in the
recent past, substantial gene flow among sample locations in different dunes within the
same pluvial basin. Hierarchical F-statistics
suggest only a weak influence on population
structure due to sampling from different
dunes within the complex. Divergence time
estimates were within the range expected for
the sample locations given the known history
of Silver State Dune Complex.
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DISTRIBUTION AND ECOLOGY OF FRESHWATER OSTRACODA
(CRUSTACEA) COLLECTED FROM SPRINGS OF NEVADA, IDAHO,
AND OREGON: A PRELIMINARY STUDY
Okan Külköylüoĝlu1,2 and Gary L. Vinyard1,3
ABSTRACT.—Fourteen freshwater ostracod species collected from 24 springs in Nevada, Idaho, and Oregon between
1991 and 1994 were classified. Their ecology, based on major water parameters (i.e., temperature, dissolved oxygen, pH,
conductivity), and biogeographical distribution in North America were studied. Among these 14 species, 9 (Ilyocypris
bradyi, I. gibba, Darwinula stevensoni, Candona candida, Heterocypris incongruens, Herpetocypris reptans, H. chevreuxi,
Prionocypris canadensis, P. longiforma) are new records for Nevada’s ostracod fauna, while 3 (H. reptans, P. canadensis,
and Cypria turneri) are new species for Oregon. H. reptans, P. canadensis, and Heterocypris salina are also recorded as
new for the ostracod literature of Idaho. Scottia pseudobrowniana, collected from Nevada, is a new ostracod species for
the United States. The occurrence of 5 Holarctic species in the northern Great Basin area may suggest a possible historical
relationship with the European ostracod fauna.
Key words: Ostracoda, springs, distribution, ecology, new records, Scottia pseudobrowniana.

Ostracods, in general, can be found in most
types of water including fresh, brackish, and
saline, as well as their combinations. Because
they are sensitive to changes in their aquatic
environment, ostracods are useful as indicators of physical and chemical conditions. For
example, seasonal variations in water temperature may affect their distribution, life span,
and abundance (Külköylüoĝlu 1998).
Although ostracods are important in both
biological and paleontological studies and previous studies indicate high and unique species
richness and biogeographic distribution in the
United States, modern investigations of species
composition of freshwater ostracod faunas (particularly in the western United States) give
comparatively incomplete listings. Tressler
(1959) listed 193 species known to occur in
North America. Most species in his list have
been studied in specific regions, i.e., Ohio
(Furtos 1933), Washington (Dobbin 1941), Illinois (Hoff 1942), Iowa (Danforth 1948), south
central Texas (Wise 1961), and Gull Lake,
Michigan (McGregor 1972). According to Pennak (1989), more than 300 freshwater ostracods are known from the United States. However, most recent works, particularly in western and central Minnesota, eastern South
Dakota, and northern North Dakota, indicate

a much higher number (Smith 1993). For example, in her study, Smith was able to record 26
species from 38 lakes.
Despite incomplete data or species listings,
such studies contribute important information
concerning relationship(s) between species
occurrence/absence and both physical and
ecological factors. Knowing the biogeographic
distribution of a particular ostracod, for example, can reveal evidence of correlations with
temperature (Forester 1991), ion composition,
and historical events (Baltanás et al. 1990).
Geographic distributions of some taxa, including some subsurface ostracods, may be due
to either passive or active dispersal processes
(Danielopol et al. 1994). Individuals, generally
eggs, can be carried passively by some insects
(Bronstein 1947, Fryer 1953), snails (Sohn and
Kornicker 1972), amphibians (Seidel 1989),
fish (Kornicker and Sohn 1971, Victor et al.
1979, Vinyard 1979), birds (Löffler 1964, Proctor 1964, Frith 1967, De Deckker 1977, Scharf
1988), waterfowl (De Deckker 1983), and
man, through accidental transportation (Bronstein 1947). Additionally, ostracods can extend
their distribution actively by swimming.
The purpose of this preliminary study was
to investigate the distribution, ecology, and
diversity of freshwater ostracods by examining

1Department of Biology, Program in Ecology, Evolution and Conservation Biology, University of Nevada–Reno, Reno, NV 89557- 0015.
2Present address: Department of Biology, Abant Izzet Baysal University, Gölköy 14280 Bolu, Turkey.
3Deceased.
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their relationships with selected parameters in
springwaters.
MATERIALS AND METHODS
Samples were collected with a hand dip net
from 24 springwaters (16 in Nevada, 5 in
Idaho, and 3 in Oregon; Fig. 1) between 1991
and 1994. After water parameters were measured in the field, samples were fixed in 10%
formalin and subsequently stored in glass jars
in 70% ethanol. In the laboratory, species
were separated from other materials with
standard sieves (0.25-, 0.5-, 1.0-, 2.0-mm mesh
sizes) under pressurized tap water. We dissected specimens in lactophenol; valves were
then separated from the soft body, which was
also dissected. Species were identified based
on both soft body parts and valve morphology.
Drawings were made with camera lucida. All
materials were archived in the Department of
Biology, University of Nevada, Reno.
TAXONOMY
In this study we followed the systematic
key of Hartmann and Puri (1974), but other
important studies (e.g., Sars 1926, Klie 1938,
Bronstein 1947, Delorme 1970, Kempf 1997)
were also useful during species description
and identification. Two superfamilies, represented by 4 families and 10 genera, were
found
Phylum or subphylum: CRUSTACEA
Pennant, 1777
Class: OSTRACODA Latreille, 1806
Order: PODOCOPIDA Sars, 1866
Superfamily: Darwinuloidea Brady and
Norman, 1889
Family : Darwinulidae Brady and
Norman, 1889
Darwinula stevensoni (Brady and
Robertson, 1870)
Superfamily: Cypridoidea Baird, 1845
Family: Ilyocyprididae Kaufmann, 1900
Ilyocypris bradyi Sars, 1890
Ilyocypris gibba (Ramdohr, 1808)
Family: Candonidae Kaufmann, 1900
Subfamily: Candoninae Kaufmann,
1900
Genus: Candona Baird, 1842
Candona candida (O.F. Müller, 1776)
Subfamily: Cyclocypridinae Kaufmann,
1900
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Genus: Cypria Zenker, 1854
Cypria turneri Hoff, 1942
Family: Cyprididae Baird, 1845
Subfamily: Scottinae Bronstein, 1947
Genus: Scottia Brady and Norman,
1889
Scottia pseudobrowniana Kempf, 1971
Subfamily: Cyprinotinae Bronstein,
1947
Genus: Heterocypris Claus, 1892
Heterocypris salina (Brady, 1868)
Heterocypris incongruens (Ramdohr,
1808)
Subfamily: Herpetocypridinae
Kaufmann, 1910
Genus: Herpetocypris Brady and
Norman, 1889
Herpetocypris chevreuxi (Sars, 1896)
Herpetocypris reptans (Baird, 1835)
Genus: Prionocypris Brady and
Norman, 1896
Prionocypris canadensis (Sars, 1926)
Prionocypris (Strandesia) longiforma
(Dobbin, 1941)
Subfamily: Cypridinae Baird, 1845
Genus: Cypris Müller, 1776
Cypris sp.
Subfamily: Cypridopsinae Kaufmann,
1900
Genus: Cavernocypris Hartmann, 1964
Cavernocypris subterranea (Wolf, 1920)
ECOLOGY AND DISTRIBUTION
Darwinula stevensoni
MATERIAL.—10-24-92, St-13 (NV), 8. New
record for Nevada.
DISTRIBUTION.—Atlanta-Georgia (Turner
1895, Furtos 1933); Illinois (Sharpe 1918, Hoff
1942, Tressler 1959); Lake Erie-Ohio, Massachusetts (Furtos 1933); Michigan (Furtos 1936,
McGregor 1972); Texas, Kentucky, Tennessee
(Cole 1966); Mississippi (McGregor 1969);
Virginia (Elliot et al. 1966, Nichols and Ellison
1967); Florida, S. Carolina (McGregor 1972);
Minnesota, S. Dakota, N. Dakota (Smith 1993);
California (Külköylüoĝlu 1994).
ECOLOGY.—Darwinula stevensoni is a cosmopolitan (eurythermic) species (Bronstein
1947, Ranta 1979). Generally preferring low
temperatures, the species can be found in
waters with temperatures ranging between
10° and 35°C (Delorme 1991). Martens and
Tudorance (1991) reported this species from

2000]

FRESHWATER OSTRACODA ECOLOGY

293

Fig. 1. Map showing 24 stations (springs) in 3 states; fine dotted line shows the Great Basin area.

water <2 m deep, with a pH range of
8.85–9.15, temperatures of 21.3° to 23.4°C,
and conductivity (EC) between 300 and 400 µS
cm–1. However, a recent study (Smith 1993)
showed that this range can be broader. In her
study, Smith found D. stevensoni in waters
with conductivity between 210 and 925 µS
cm–1. Salinity tolerance of this species varies
from 800 mg L–1 (Neale 1964) to 2000–3000
mg L–1 (Hagerman 1967). However, the highest salinity reported with live specimens was
15,000 mg L–1 (Löffler 1961 in De Deckker
1981). On the other hand, this species was
recovered from a depth of 12 m in Gull Lake,
Michigan, where pH was between 7.5 and 8.5
(McGregor 1972). pH seems to be less important for this species’ occurrence. It has been
found in water with a pH as low as 6.0 (De
Deckker 1981).
Darwinula stevensoni requires a high concentration of oxygen to aerate its eggs, and so
it is found mostly in waters where DO level is

relatively high. According to Delorme (1991),
dissolved oxygen tolerance of this species is
between 2 and 14 mg L–1. Because of its lack
of swimming setae, D. stevensoni is a benthic
ostracod and can be found on muddy and
sandy substrates with high DO. Also, it was
found on Phragmites belt cores and marshes
by Löffler (1990). Henderson (1990) collected
the species from organic-rich substrates such
as leaf litter. High population densities were
reported from the boreal forest of the Canadian interior plains (Delorme 1970).
In this study we found this oxygen-sensitive species in a heavily grazed and trampled
spring bottom comprising 50% silt, 30% sand,
and 20% gravel and medium cobble. While
conductivity was moderate (324 µS cm–1), DO
was relatively high (6.31 mg L–1). It seems D.
stevensoni prefers less saline but well-oxygenated waters. Some individuals, however, also
may be found in high saline waters. Knowing
the ecological and biological characteristics of
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this species can be useful in other disciplines
such as paleontology, which uses the data to
reconstruct past history and ecological
changes in a particular region. For example,
the fossil form of this species found from
Pleistocene deposits in Illinois (Staplin 1963)
suggests that water might have been relatively
cooler and well oxygenated.
Ilyocypris bradyi
MATERIAL.—11-11-1992, St-2 (NV), 2; St1 (NV), 1; 24-10-1992, St-13 (NV), 2. New
record for Nevada.
DISTRIBUTION.—Colorado (Sharpe 1918);
Lake Erie-Ohio (Furtos 1933); Illinois (Hoff
1942); Iowa (Danforth 1948); Wisconsin
(Tressler 1959).
ECOLOGY.—Ilyocypris bradyi, a Holarctic
species, inhabits the bottoms of pools, lakes,
and ponds, but it also is common in low-velocity running waters and springs (Bronstein
1947). This species is indicative of moderate
current action (Staplin 1963). According to
Henderson (1990), I. bradyi prefers cooler
waters such as springs and permanent streams,
but it also occurs in temporary ponds and lowland marshes. Most recent studies showed
that I. bradyi can be found in the benthos of
waters where temperatures vary between 10°
and 27°C (Delorme 1991). Delorme also states
that DO tolerance of the species is high,
between 3 and 20 mg L–1. A study in an alkaline lake (9–13 meq L–1) in Austria by Löffler
(1990) found the species in water with a conductivity level of 1000–2800 µS cm–1 at 20°C.
The specimens in the present study were collected in the heavily grazed, trampled, silty
bottom (50–70%) of a spring.
It appears to us that I. bradyi can be found
mostly in cooler waters (14–25°C), with low to
moderate conductivity (134–324 µS cm–1), and
where DO level may vary from 4 to 6.3 mg
L–1. The species should be considered to be
limited within a narrow range of pH values
(7.3–8.26). These factors all support the contention that I. bradyi prefers relatively less
saline alkaline waters.
Ilyocypris gibba
MATERIAL.—24-10-1992, St-13 (NV), 1.
DISTRIBUTION.—Colorado (Sharpe 1918,
Furtos 1933); Ohio (Furtos 1933); Illinois (Hoff
1942); Iowa (Danforth 1948). New record for
Nevada.
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ECOLOGY.—Only 1 individual was identified. It was collected at a site where the bottom was grazed, trampled, and chopped up.
Ilyocypris gibba, a cosmopolitan species, is
usually found with its close relative I. bradyi.
Hoff (1942) emphasized that I. gibba was
abundant chiefly in running waters. Forty-one
of his 44 collections were from streams, rivers,
and pools. In the streambed he found a possible relationship between species occurrence
and vegetation or algal masses.
Not only does I. gibba prefer the vegetated
bottom of lotic waters, but it also lives on the
sandy bottom of large and small lakes. It is
possible to find this species in almost all types
of water bodies—rivers, oxbows, canals, ponds,
and lakes—because I. gibba has the advantage
of being able to use the long swimming setae
on its 2nd antennae (swimming setae are
reduced in I. bradyi). In addition, it displays a
wide range of tolerance to water quality parameters; for instance, its tolerance to total dissolved solids ranged from 0.09 to 6.5 (Delorme
1991). DO requirement of I. gibba seems to be
narrower (3–14 mg L–1) than I. bradyi (Delorme
1991). Like I. bradyi, I. gibba shows a wide
range of temperature tolerance, between 10°
and 30°C. However, this species’ temperature
tolerance can be much higher. Gülen (1977)
was able to collect I. gibba from a hot spring
where temperatures measured 38°–42°C with
pH of 6.64. In his study Löffler (1990) pointed
out that I. gibba was abundant on Phragmites
belt cores and marshes where alkalinity was
about 9–13 meq L–1, and conductivity varied
between 1000 and 2800 µS cm–1 at 20°C. Our
results correspond with these studies. For
example, we found this species in springwater
with moderate EC value (324 µS cm–1), where
pH was relatively high (8.26 at 25°C) and DO
was relatively high (6.31 mg L–1). Data gained
from previous studies as well as the present
study suggest that DO and perhaps pH (but
not temperature) are the 2 most important factors to which I. gibba is sensitive.
Candona candida
MATERIAL.—06-12-1991, St-1 (NV), 4 5.
DISTRIBUTION.—Massachusetts (Cushman
1907, Sharpe 1918); Oregon (Dobbin 1941);
Montana (Tressler 1947, 1959). New record for
Nevada.
ECOLOGY.—Candona candida, one of the
most common candonid species, can be found
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in shallow temporary ponds, ditches, lakes,
waters left by rain or streams, and permanent
waters with a muddy substrate. Bronstein
(1947) reported this species from a deep lake
(250 m) in the Soviet Union, but it was also
collected from Phragmites marshes and belt
cores of alkaline lakes (Benzie 1989, Löffler
1990). Candona candida tolerates low pH values, around 4.6, in peat bogs (Henderson
1990) and acidic moorland tarns (Fryer 1980).
According to Delorme (1991), C. candida is
common in waters where pH varies between
5.4 and 13. Delorme states that this species
can resist up to 15 mg L–1 and 30°C on water
bottoms. He also emphasized that C. candida
was recovered from water with zero oxygen
and zero temperature. All this offers evidence
that temperature and DO ranges of this
species are fairly broad, and thus it is not surprising to find C. candida in brackish waters.
The present study reports C. candida from 4
cm deep in an 80% silt-bottomed spring
where pH was 7.3, temperature was 20°C,
DO was ~4 mg L–1, and conductivity was low
at 134 µS cm–1. Staplin (1963) found some fossilized individuals of this species from silt
deposits in Illinois. This may suggest that bottom type, rather than temperature and pH, is
the most important factor for the occurrence
of some ostracods.
REMARKS.—This is one of the most confusing species inasmuch as it shows variations on
its valve structure. Our specimens also show
some slight differences, indicating a subspecies. Holarctic distribution (?).
Cypria turneri
MATERIAL.—06-30-1993, St-15 (OR), 2.
DISTRIBUTION.—According to Hoff (1942),
until his complete description of species from
Illinois, C. turneri had been reported from different parts of the United States under the
names C. exsculpta or C. elegantula. It was
first reported from Alabama by Herrick (1887)
as C. exsculpta; then several authors reported
it from Ohio, Georgia, Delaware (Turner 1894),
Illinois (Sharpe 1897, Kofoid 1908, Shelford
1913), and Maine (Procter 1933). Under the
name C. elegantula, it has been known from
Ohio (Furtos 1933), Washington, and Alaska
(Dobbin 1941). The species has been known
under the name C. turneri from Iowa (Danforth 1948), Tennessee, Mississippi, Virginia,
S. Carolina, Wisconsin, Michigan, Utah (Tressler
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1959, McGregor 1972), and Mirror Lake, New
Hampshire (Strayer 1985, 1988). It is a new
record for Oregon.
ECOLOGY.—Cypria turneri is one of the
most abundant species in most permanent
water bodies of the United States. It is possibly Nearctic under the name C. turneri. In
1897, Sharpe found this species in streams,
although Hoff (1942) pointed out that he never
collected it from running waters. It often can
be found associated with water plants, algae,
and grass (Hoff 1942), and feeds on detritus
and small diatoms (Strayer 1985). An extensive
study of the species by McGregor in Gull
Lake, Michigan, in 1972 yielded data concerning its abundance. In Gull Lake abundance
was essentially the same year-round from
depths of a few millimeters to 32 m. A large
population of the species was found to be
restricted to oxygenated parts of the Gyttja, a
soft, highly organic sediment, under 11-mdeep water of Mirror Lake in New Hampshire
(Strayer 1988).
We found this species from a depth of 5 cm
in a shallow spring located within a livestock
exclosure where flow velocity inside the exclosure was reduced by abundant vegetation.
Our result is consistent with previous studies
and suggests that C. turneri can be seen in
both limnic and lentic aquatic habitats, that it
prefers cold (8.5°C) waters with high DO values (8.6 mg L–1), but that it also may be found
in supersaturated and relatively warmer
waters (personal observation). We may conclude from this that oxygen dependency of the
species, rather than other parameters, plays an
important role in its occurrence.
Scottia pseudobrowniana
MATERIAL.—10-24-1992, St-13 (NV), 3 2.
DISTRIBUTION.—New record for the USA.
DESCRIPTION.—Length of male is 0.70 mm,
height 0.38 mm, and width 0.40. Females are
similar to males in shape. Edges of valves are
not tuberculated; left valve overlaps right at
the anterodorsal side and exceeds it slightly at
the posterior, which is not pointed in dorsal
view (Fig. 2a). In dorsal view, left valve shows
a projecting part on the right valve anteriorly.
Dorsum is slightly curved. Viewed laterally
(Fig. 2b), the posterior side shows distinctly
more gibbosity than the anterior region in
both valves. First antenna (Fig. 2c) is 6-segmented, and the 2nd antenna (Fig. 2d) is
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Fig. 2. Scottia pseudobrowniana: a, male seen from above; b, right valve, inner view; c, 1st antenna; d, 2nd antenna; e,
palps of 1st thoracic leg; f, 2nd thoracic (walking) leg ending with 2 claws; g, 3rd thoracic (cleaning) leg; h, maxilla; i,
furca; j, Zenker organ with 16 whorls; k, hemipenis. Scale bar: 200 µm for a and b; 100 µm for c, d, f, and g; 40 µm for e
and h; 50 µm for i, j, and k.

4-segmented. Natatory setae of 2nd antenna
are reduced and do not reach to the distal end
of the penultimate segment. A pair of 1st thoracic legs are formed as prehensile palps in
males (Fig. 2e). Second thoracic legs (Fig. 2f)
are 5-segmented and end with 2 claws on the
apical segment. This is one of the most impor-

tant diagnostic structures of the genus. Figures 2g and 2h show 4-segmented 3rd thoracic
(cleaning) leg and maxilla, respectively. Furca
is well developed and ends with 2 strong claws
(Fig. 2i). Zenker organ bears 16 whorls (Fig.
2j). Males also possess a complex hemipenis
lobed at the basal region (Fig. 2k).
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REMARKS.—Until the revision of the genus
by Kempf (1971), live specimens of this genus
were misidentified as S. browniana, which was
first described from Pleistocene freshwater
deposits of Clacton, England, by Jones (1850).
However, Kempf showed that fossil forms (S.
browniana) were congeneric with modern live
specimens (S. pseudobrowniana), but they were
not conspecific (Kempf 1971, 1994). The 1st
known species of the genus Scottia from the
United States was described under the name
S. browniana, which was collected from Tennessee by Cole (1966). However, her description was based on illustrations and descriptions of Alm (1915), Klie (1938), and Bronstein
(1947), which are now known to be possibly S.
pseudobrowniana (Kempf 1971, 1994). On the
other hand, in this study our description consists of both illustrations and descriptions from
the literature including Kempf’s revision (1971)
and live specimens obtained from Dr. Huw I.
Griffiths (England). As a result, we were able to
distinguish the species Scottia pseudobrowniana Kempf 1971 from S. browniana ( Jones
1850) Brady and Norman 1889. A detailed
description of the species can be found in
Kempf (1971, 1994).
ECOLOGY.—Live individuals of the genus
Scottia were first described from pools in the
Island of Bute, Scotland, by Brady and Norman (1889, 1896). Bronstein defined the
species (as S. browniana) from springs of Russia in 1947 and noted that his collection site
was surrounded by woody plants that prevented the springwater from receiving direct
sunlight. He called the species a “crenobiont,”
implying a cold-springwater species. Similarly,
Kempf (1971) stated that S. pseudobrowniana
was a cold-spring freshwater ostracod that is
also reported from cold freshwaters in northern Europe and Great Britain (Henderson
1990).
The genus Scottia is also known in the United
States as a semiterrestrial species found primarily in groundwater discharge areas such as
springs and seeps (Forester personal communication). It can be seen in fen wetlands walking around on Chara patches or in wetland
soil (Smith personal communication). Because
of its lack of swimming setae, this species is
considered to be bottom dependent and is
generally found with other bottom-dependent
species such as D. stevensoni, I. bradyi, H.
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reptans, I. gibba, and H. chevreuxi (the last 2
are also known as active swimmers).
In the present study, S. pseudobrowniana
was collected from a spring at 1273 m elevation, where the water was relatively warm
(25°C). This, plus other water parameters such
as DO of 6.31 mg L–1, pH of 8.26, and EC of
324 µS cm–1, indicates that alkaline waters are
more preferred by this species. This study also
extends the zoogeographic distribution of the
species from the Palearctic to the Nearctic,
thus a Holarctic distribution.
Heterocypris salina
(=Cyprinotus salinus)
MATERIAL.—08-03-1993, St-18 (ID), 5;
08-05-1993, St-20 (ID), numerous ; 08-051993, St-19 (ID), 1. New record for Idaho.
DISTRIBUTION.—Texas (Tressler 1959); Arizona, Colorado, Nevada (Forester 1991).
ECOLOGY.—Heterocypris salina, a cosmopolitan species, is a typical halobiont (Bronstein
1947), but it is also common in coastal areas
where it lives in brackish waters with salinities
of 400–13,000 mg L–1 (Neale 1964). Ganning
(1967) showed that its tolerance of salinity was
very high, up to 20,000 mg L–1 (in Neale
1988). Similarly, current studies have found
that this species can survive in saline waters,
and Löffler (1990) suggested H. salina should
be considered a “halophilic species,” indicating tolerance of high saline (up to 25,000 mg
L–1) waters in Europe (De Deckker 1981).
In the western United States, H. salina commonly lives in springs and seeps, but it also is
seen in streams, ponds, shallow parts of lakes,
and salt marshes, from cooler to warmer
waters (11°–>30°C) and from fresh to saline
(750–>4000 µS cm–1) waters (Forester 1991).
Forester, who defined this species as “eurytopic,” also reports the presence of H. salina
from Zuni Salt Lake where conductivity is
very high (>50,000 µS cm–1). The species can
be present at all times on muddy, sandy bottoms of permanent and temporary brackish
water bodies. Heterocypris salina was abundant in station 20 where highest EC and temperature values were 1149 µS cm–1 and 29.5°C,
respectively (lowest were 385 µS cm–1 and
11°C). On the other hand, pH values found in
this study were 7.9–8.14, which may indicate
some correlation between species occurrence
and alkaline pH values.
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Heterocypris incongruens

MATERIAL.—10-21-1992, St-12 (NV), 1;
11-11-1992, St-2 (NV), 4. New record for
Nevada.
DISTRIBUTION.—Ohio (Turner 1895, Sharpe
1918, Furtos 1933); Florida (Sharpe 1897,
1918); Pennsylvania (Sharpe 1908); Oregon
(Dobbin 1941); Illinois (Hoff 1942); Iowa
(Danforth 1948); N. Carolina, Utah, Wisconsin,
Michigan (Tressler 1959); Wyoming, Colorado
(Forester 1991, Forester and Smith 1992); Arizona, Utah, New Mexico, Kansas (Forester and
Smith 1992).
ECOLOGY.—Heterocypris incongruens is cosmopolitan. It can be found in almost any water
type, limnic or lotic, temporary or permanent,
small puddles, ponds, and ditches. Apparently,
it shows no strict ecological requirements in
fresh to saline waters with salinities up to
20,000 mg L–1 (De Deckker 1981). Forester
(1991) emphasized that even though H. incongruens lives in seeps, ponds, marshes, and the
edges of lakes, it is not found in high-volumedrainage springs. Moreover, it is found in waters
from 6°C to 28°C. The occurrence of the
species could be related to the calcium and
carbonate level (more than 25–30%) in freshwaters with a range of salinity between 100
and 2500 µS cm–1 (Forester 1991, Forester and
Smith 1992). Due to its tolerance of high salinities, this species, like H. salina, can be called
a “eurytopic species” (Forester 1991). Heterocypris incongruens in this study was collected
from an unnamed, heavily grazed springwater
impounded from the source (water parameters
are given in Table 1).
Herpetocypris chevreuxi
MATERIAL.—07-21-1993, St-7 (NV), 2; 1211-1992, St-4 (NV), 1; 10-24-1992, St-13
(NV), 9; 08-17-1993, St-8 (NV), numerous ;
07-15-1993, St-16 (NV), 12.
DISTRIBUTION.—Utah (Tressler 1959). New
record for Nevada.
ECOLOGY.—This species was first raised from
dried mud samples taken from Algeria in the
aquarium by Sars (1896). Thirty years later
Sars (1924) redescribed the species under the
name H. chevreuxi. It is not common in the
United States. Bronstein (1947) believed that
H. chevreuxi could be found in both brackish
waters and freshwaters. More detailed data
can be obtained from the study by Baltanás
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(1992), who concludes that H. chevreuxi prefers
stagnant waters but also occurs in slightly
saline aquatic habitats including rivers. One
study also showed that it was present in rice
fields (Fores et al. 1986). Nevertheless, H. chevreuxi was reported from hot-water springs and
swamps, canal waters, ponds, and small lakes
in Turkey (Gülen 1977, 1985), and also from
well-oxygenated waters covered by algae and
water plants (personal observation). In Britain
this species was plentiful over coarse substrates (Henderson 1990).
Like most other freshwater ostracods, little
is known about its natural history; therefore,
this present study may guide future researchers
in understanding the ecological requirements
of this species. Our results suggest this Holarctic species prefers less alkaline (pH 8.0 or
more) and relatively cooler waters (15–24°C)
with high DO (6.3–8 mg L–1). Additionally,
finding this species in waters with 80% silty
bottoms may indicate habitat preferences.
Herpetocypris reptans
MATERIAL.—06-04-1993, St-14 (OR), 42;
07-27-1993, St-17 (OR), 1; 08-05-1993, St-22
(ID), 1; 08-17-1993, St-11 (NV), 1; 11-111992, St-3 (NV), numerous ; 10-21-1992, St11 (NV), 2; 11-11-1992, St-2 (NV), numerous
 and juvenile; 11-11-1992, St-1 (NV), 2;
10-24-1992, St-13 (NV), 7; 07-07-1992, St-9
(NV), 5. New record for Nevada, Idaho, and
Oregon.
DISTRIBUTION.—California (Sharpe 1918);
Washington (Dobbin 1941).
ECOLOGY.—Known as a cosmopolitan
species, H. reptans lives mostly on the muddy
bottoms of lakes and ponds, and in streams
with laminar flow. We believe that bottom
type alone is not crucial for its occurrence, but
according to Bronstein (1947), vegetation richness and types may be important. In fact, these
suggestions coincide with one of the earliest
experimental studies done under laboratory
conditions by Benzie (1989). Benzie recorded
that distribution of the species was affected by
food supply on fine-grained sediments where
H. reptans was abundant in Eleocharis (macrophyte) habitat (old Eleocharis and Chara were
preferred as food). The paucity of the species
found by Benzie was also related to predation.
According to Benzie, there was a strongly negative correlation between presence of black
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TABLE 1. Data collected from 24 stations. Species initials are as follows: (IB) Ilyocypris bradyi, (IG) I. gibba, (DS) Darwinula stevensoni, (CO) Candona candida, (CP) Cypria turneri, (HS) Heterocypris salina, (HI) H. incongruens, (HC)
Herpetocypris chevreuxi, (HR) H. reptans, (CD) Cavernocypris subterranea, (CR) Cypris sp., (PC) Prionocypris canadensis, (PL) P. longiforma, (SB) Scottia pseudobrowniana. St. no. represents the number of the spring. Location for each
spring is given in elevation in meters (El. [m]) and UTM coordinates of latitude (Lat.) and longitude (Long.). Water parameters measured include temperature (T°C); dissolved oxygen (DO), mg L–1; electrical conductivity (EC), µS cm–1; and
pH.
St. no.

Lat.

Long.

El. (m)

T°C

DO

EC

pH

Initials of species

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

41.825
41.987
41.987
41.182
41.315
41.315
41.091
40.322
40.213
40.731
40.417
40.914
40.051
42.802
44.037
41.472
42.791
42.335
42.484
42.391
42.559
42.544
41.595
41.446

119.85
118.69
118.70
118.16
118.51
118.50
119.15
118.14
117.82
117.66
118.86
119.45
119.39
117.73
118.45
116.53
117.60
113.40
112.06
112.87
112.77
114.94
118.85
117.08

1667
1595
1545
1273
1333
1351
1345
1849
1406
1764
1491
NA
1273
1291
1709
1691
1133
1491
1842
1485
1667
1188
1370
1400

19.5
17.5
11.2
5.7
11.0
11.4
18.8
19.3
18.7
11.3
19.9
NA
24.8
17.6
8.5
16.2
19.7
13.6
9.6
29.5
11.0
20.9
21.1
14.8

3.8
6.4
7.6
7.6
8.3
8.3
7.9
7.8
5.3
7.1
5.2
NA
6.3
6.5
8.6
NA
6.4
NA
NA
NA
NA
NA
7.5
4.5

134
312
197
556
462
637
446
618
NA
495
450
NA
324
401
140
231
521
385
528
1149
438
619
196
308

7.30
7.80
7.67
8.02
8.02
8.03
8.44
8.59
7.92
7.99
7.70
NA
8.26
8.01
7.40
7.60
8.90
7.90
7.73
7.95
8.14
8.20
7.33
8.10

IB, CO, HR, CR, PL
IB, HI, HR, PL
HR, PL
HC, PL
PL
PL
HC
HC
HR
PL
HR
HI, HR
IB, IG, DS, HR, HC, SB
HR, PC
CP
HC, PC
PR
HS, PC
CD
HS
HS, PL
HR
PL
PL

mites (Piona sp.) and H. reptans abundance.
When mites were present, the number of H.
reptans individuals found was very low or vice
versa.
Benzie’s study indicates that abundance
and occurrence of this species can be associated with presence of predators in the water.
This species tolerates a wide range of salinity,
from 1000 to 16,000 mg L–1 in European
waters (De Deckker 1981). In this study conductivity was moderate to high (134–619 µS
cm–1), and pH values were 7.3–9.0. Also, it
seems that H. reptans can be found in a broad
range of DO values (3.8–7.6 mg L–1; see Table
1). The occurrence of this species within a
wide ranges of water parameters may indicate
its high endurance and adaptation to various
habitats. This may also explain why H. reptans,
like P. longiforma, was among the most common species found in our study.
Prionocypris (Strandesia?) Canadensis
MATERIAL.—06-04-1993, St-14 (OR), numerous ; 08-03-1993, St-18 (ID), 6; 07-15-

1993, St-16 (NV), 20. New record for Nevada,
Idaho, and Oregon.
DISTRIBUTION.—Wyoming, Colorado (Forester 1991, Forester and Smith 1992).
ECOLOGY.—This historically Nearctic species
was first identified from a small brook in
Alberta, Canada, by Sars (1926) under the name
Prionocypris canadensis. So far, it has not been
reported from other parts of the world. One
study showed that P. canadensis can live in
permanent, high-volume-discharge springs,
but not lacustrine environments (Forester
1991). It is generally restricted to dilute
(75–1000 µS cm–1) cold water (0–10°C), which
is considered to be undersaturated relative to
calcite formations (Forester and Smith 1992).
Because of its cold-water preference, Forester
(1991) called P. canadensis a “cryophilic or
cryobiotic species.” However, our study indicates that this restriction to low temperature
by P. canadensis may not be as low as reported.
For example, the lowest temperature we found
in this study was 13.6°C, and the highest was
17.6°C. pH values seemed to be limited

300

WESTERN NORTH AMERICAN NATURALIST

between 7.6 and 8.0 when conductivity measured 231, 385, and 401 from 3 stations, respectively. Even though our values, especially
temperature values, are different from previous studies, we agree that P. canadensis prefers
relatively cool waters with high DO levels (6.5
mg L–1 at station 14) and can be called a
cryophilic species. In addition, it can be found
in alkaline waters with pH values around 8.0
(and perhaps higher).
Prionocypris (Strandesia)
longiforma
MATERIAL.—11-12-1992, St-6 (NV), 16 8;
11-12-1992, St-5 (NV), 28 11; 11-11-1992,
St-2 (NV), numerous  and ; 06-12-1991,
St-1 (NV), numerous  and ; 11-12-1992,
St-4 (NV), 34 8; 08-17-1993, St-10 (NV),
2 2; 08-05-1993, St-19 (ID), 6 21;
07-20-1994, St-24 (NV), 16 7; 06-09-1994,
St-23 (NV), 13 6. New record for Nevada.
DISTRIBUTION.—Washington (Dobbin 1941).
ECOLOGY.—In 1941, Dobbin was the first
to identify this species from the streams of
Washington. So far, it is known only from the
United States and thus may be considered a
Nearctic species. The biology and ecology of
this species are not well known. Like H. reptans, it is one of the most abundant species
collected during this study. It was found in
springs and streams where pH values ranged
between 7.3 and 9.0 and water temperature
was relatively cold (around 11°C). It was abundant on silty, sandy bottoms of springwaters
with higher temperatures (21°C).
REMARKS.—According to Dobbin (1941), P.
longiforma is different from its conspecific
species P. canadensis based on length of the
furcal setae. However, females of both species
are morphologically very similar to each other.
We think P. longiforma may be the bisexual
form of P. canadensis (since P. canadensis is
known as a parthenogenetic species). However,
detailed comparison of the species is needed
to support our view.
Cypris sp.
MATERIAL.—06-12-1991, St-2 (NV), 1.
REMARKS.—Only 1 female individual was
found but could not be identified due to some
suspicious structures on the valves and lack of
additional specimens. All of the water parameters are given in Table 1 and may be helpful as
a reference for future studies.
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Cavernocypris subterranea
MATERIAL.—08-04-1993, St-19 (ID), 19
6.
DISTRIBUTION.—Idaho, USA.
ECOLOGY.—C. subterranea is a crenobiont
species inhabiting relatively slow-flowing cold
springwaters. Its parthenogenetic populations
can be found from rivers and alluvial bed sediments, caves, and littoral zones of mountain
lakes (Marmonier et al. 1989).
REMARKS.—A full description of the 1st
bisexual population of the species from Idaho
can be found in Külköylüoĝlu and Vinyard
(1998).
SUMMARY AND CONCLUSION
Among 14 freshwater ostracod species,
Scottia pseudobrowniana was recorded from
Nevada as a new species for the ostracod literature of the United States. Nine species are
new for Nevada (Ilyocypris bradyi, I. gibba,
Darwinula stevensoni, Candona candida, Heterocypris incongruens, Herpetocypris reptans,
H. chevreuxi, Prionocypris canadensis, P. longiforma). Of these 9, H. reptans and P. canadensis are also new records for Oregon and Idaho.
With the present study, distributions have
been extended in the United States for Heterocypris salina, which was a new record for the
ostracod literature of Idaho, and Cypria turneri,
also the 1st record for Oregon. In addition, reporting 5 Holarctic species (I. bradyi, C. turneri
(exsculpta), H. chevreuxi, S. pseudobrowniana,
Cavernocypris subterranea) from the northern
part of the Great Basin may suggest that many
Palearctic species can be found in Nearctic regions, thus demonstrating a possible historical
relationship between these 2 land masses. On
the other hand, finding 6 cosmopolitan and 3
Nearctic ostracod species from 3 states (ID,
NV, OR) also reveals that species richness of
freshwater ostracods is greater and their distribution much broader than previously known.
Consequently, we suggest that further studies
are needed to extract additional information
on freshwater ostracods in the United States.
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APPENDIX. Station numbers, names, and locations of stations (springs), and collection dates.
St-1
St-2
St-3
St-4
St-5
St-6
St-7
St-8
St-9
St-10
St-11
St-12
St-13
St-14
St-15
St-16
St-17
St-18
St-19
St-20
St-21
St-22
St-23
St-24

Mosquito Lake Spring, Mosquito Valley, Washoe Co., NV. Collected June 12, 1991.
Unnamed spring #1, Humboldt Bog Hot Valley, Humboldt Co., NV. Collected June 14, 1991.
Unnamed spring #2, Humboldt Albertson Basin, Humboldt Co., NV. Collected June 14, 1991.
Buck Brush Spring, Black Rock Valley, Humboldt Co., NV. Collected July 13, 1991.
Unnamed spring #1, Black Rock Valley, Jackson Canyon, Humboldt Co., NV. Collected July 14, 1991.
Unnamed spring #2, Black Rock Valley, Jackson Canyon, Humboldt Co., NV. Collected July 14, 1991.
Unnamed spring, 2 m W of Bronco Spring, Humboldt Co., NV. Collected August 7, 1991.
Unnamed spring, Spring Valley, Pershing Co., NV. Collected July 7, 1992.
Dago Spring, Buena Vista Valley, Pershing Co., NV. Collected July 7, 1992.
Clear Creek Spring, Grass Valley, Pershing Co., NV. Collected July 8, 1992.
Porter Spring, Humboldt Valley, Pershing Co., NV. Collected July 9, 1992.
Red Mountain Creek Spring #2, Black Rock Valley, Gerlach, Washoe Co., NV. Collected October 21, 1992.
Seven Mile Spring, Pyramid Valley, Washoe Co., NV. Collected October 24, 1992.
Crooked Creek Roadside Spring, Jordan Valley, Malheur Co., OR. Collected June 4, 1993.
Muffet Spring, Harney Valley, Malheur Co., OR. Collected June 30, 1993.
Buffalo Spring, Squaw Valley, Elko Co., NV. Collected July 15, 1993.
Owyhee Spring, Jordan Valley, Malheur Co., OR. Collected July 27, 1993.
McLenden Spring, Snake Valley, Oakley, Cassia Co., ID. Collected August 3, 1993.
Brush Creek Head Spring, Snake Valley, Bannock Co., ID. Collected August 4, 1993.
Indian Spring, Snake Valley, Pocatello, Power Co., ID. Collected August 5, 1993.
E Fork Creek Spring, Snake Valley, Power Co., ID. Collected August 5, 1993.
Unnamed spring in Salmon Falls Creek, Snake Valley, Twin Falls Co., ID. Collected August 5, 1993.
Unnamed spring, E of Crane Creek, Bog Hot Valley, Humboldt Co., NV. Collected June 9, 1994.
Layton Spring, Little Humboldt Valley, Humboldt Co., NV. Collected July 20, 1994.
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DIETS OF SYMPATRIC LAHONTAN CUTTHROAT TROUT
AND NONNATIVE BROOK TROUT:
IMPLICATIONS FOR SPECIES INTERACTIONS
Jason B. Dunham1,2,3, Matthew E. Rahn1, Robert E. Schroeter1, and Stewart W. Breck3
ABSTRACT.—Nonnative brook trout (Salvelinus fontinalis) have been implicated in declines of stream-living Lahontan
cutthroat trout (Oncorhynchus clarki henshawi), a threatened trout endemic to the Lahontan Basin of northeastern California, southeastern Oregon, and northern Nevada. Brook trout may displace Lahontan cutthroat trout through 2 mechanisms: interspecific predation and competition for food. To evaluate the evidence for these alternatives, we examined
stomach contents of 30 trout of each species captured in the North Fork Humboldt River, northeastern Nevada, to compare number, size, and taxonomic composition of prey. Taxonomic dietary overlap was high (81.4%) between brook and
Lahontan cutthroat trout. Both species were nonselective in their feeding habits. Lahontan cutthroat trout consumed
over 2.5 times as many prey on average, but brook trout consumed significantly larger prey. No trout of either species
occurred in fish diets. Only a single fish, a Paiute sculpin (Cottus beldingi), was found in stomachs, and the majority
(>90%) of prey consisted of insect taxa. Size and number of prey consumed were positively related to fish size for
Lahontan cutthroat trout, but not for brook trout. These results do not provide compelling evidence to suggest feeding
by Lahontan cutthroat trout is limited by presence of large numbers of brook trout in the North Fork Humboldt River.
However, fundamental differences in each species’ utilization of food in this system indicate that a better understanding
of observed differences may help to explain the variable success of brook trout invasions across stream habitats in the
Lahontan Basin and their potential effects on Lahontan cutthroat trout.
Key words: Lahontan cutthroat trout, Oncorhynchus clarki henshawi, diet selection, nonnative species, brook trout,
Salvelinus fontinalis.

Naturalized populations of nonnative
salmonid fishes have been implicated in the
decline of many native aquatic organisms,
including amphibians (Bradford 1989), invertebrates (Polhemus 1993), and fishes (Moyle et
al. 1986). Potential mechanisms by which nonnative fishes may interact with native biota
include predation, competition, parasite and
disease transmission, and hybridization, which
may operate directly or indirectly (see Taylor
et al. 1984 for a general review). Nonnative
salmonids are frequently implicated in declines
of native salmonids in the western United
States (Allendorf and Leary 1988, Young 1995,
Duff 1996). For example, loss of threatened
Lahontan cutthroat trout (Oncorhynchus clarki
henshawi) populations in the Lahontan Basin
of northeastern California, southeastern Oregon,
and northern Nevada has been attributed in
part to competition from nonnative salmonids,
most notably brook trout (Salvelinus fontinalis;
Coffin and Cowan 1995). While the decline of

Lahontan cutthroat trout appears to coincide
with the invasion of brook trout and other
nonnative salmonids throughout the Lahontan
Basin (Miller and Alcorn 1943), there is very
little published evidence describing potential
interactions between cutthroat trout and brook
trout (see Young 1995), and none for Lahontan
cutthroat trout (but see Schroeter 1998).
In this study we addressed 2 possible explanations for negative impacts brook trout may
have on Lahontan cutthroat trout populations.
First, we examined the evidence for direct
predation of juvenile Lahontan cutthroat trout
by brook trout. In particular, small young-of-year
Lahontan cutthroat trout (average 20–50 mm in
length) may be vulnerable to predation by
larger conspecifics or by brook trout. Second,
we focused on food as a potentially limiting
resource that may lead to competition between
Lahontan cutthroat trout and brook trout.
Stream-living salmonids may compete for a
variety of other potentially limiting resources,

1Biological Resources Research Center, University of Nevada–Reno, Reno, NV 89557.
2Corresponding author. Present address: U.S. Forest Service, Rocky Mountain Research

Boise, ID 83702.
3Department of Biology, University of Nevada–Reno, Reno, NV 89557.
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such as space or cover (Chapman 1966, Fausch
1988), but in this study we focused on food
limitation. Interspecific competition is a notoriously controversial subject (Fausch 1988 and
references therein), and we made no attempt
to resolve this issue with regard to all possible
interactions between brook trout and Lahontan cutthroat trout. Rather, results of this work
were intended to provide descriptive data that
may serve as a baseline for more rigorous inquiry as to how and why brook trout may have
negative impacts on cutthroat trout populations.
We studied Lahontan cutthroat trout and
brook trout in the North Fork Humboldt River,
Nevada (Fig. 1), where they have coexisted
since the latter were introduced into the system by the early 1900s (Miller and Alcorn
1943, P. Coffin personal communication). In
most streams of the Lahontan Basin, these
species segregate longitudinally in a typical
pattern (Fausch 1989), with cutthroat trout being relatively more abundant in the upstream
reaches and brook trout more so in downstream reaches (Fig. 2). Distribution of fishes
in the North Fork Humboldt River is rather
unusual, however, in that cutthroat and brook
trout may be found in the same habitats along
a 2- to 4-km reach of stream (Fig. 2, see also
Nelson et al. 1992).
Close spatial proximity of individuals in the
North Fork Humboldt allowed us to study
diets of cutthroat and brook trout that presumably had access to a similar resource supply.
We studied diets of both species to determine
incidence of predation by brook trout on cutthroat trout and to quantify patterns of diet
selection and diet overlap. Our results are compared with those from similar work on other
cutthroat subspecies (Griffith 1972, 1974, Bozek
et al. 1994) to evaluate the relevance of trophic
interactions to the coexistence of brook and
Lahontan cutthroat trout.
METHODS
We sampled brook and Lahontan cutthroat
trout in the North Fork Humboldt River, Elko
County, Nevada (Fig. 1). Sampling was conducted along a 2-km reach of stream at approximately 2100 m elevation. Fish were captured
by electrofishing every 4 h for a 36-h period
between 20 and 21 August 1995. Equal numbers (n = 30) of brook and Lahontan cutthroat
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Fig. 1. Map of study site (open circle), North Fork
Humboldt River, Elko County, Nevada. Further description of the study area is given by Nelson et al. (1992).

trout were sampled over this period, and individuals of each species were matched for size
(fork length) as closely as possible within each
of 9 collections to control for the potentially
confounding effect of fish size and spatial location (Fausch 1988). We recorded number and
size of all trout captured during sampling
efforts to provide an estimate of relative size
and abundance of each species. Possible size
differences between fish in all groups (sampled
brook and Lahontan cutthroat trout, unsampled trout) were assessed by analysis of variance. Four hours prior to each fish collection,
we placed a 1-mm bar mesh drift net in a riffle
just upstream of habitats to be electrofished.
Drift net openings were 45 cm2, with a 1-m
tapered net bag length (see Merritt et al. 1984).
Nets were placed at the deepest part of the
stream in locations that spanned at least 25%
of the stream width. The bottom of the net
was held flush to the stream bottom by steel
rods hammered into the stream substrate. In
all cases height of the drift net exceeded water
depth, so drift in the entire water column was
sampled. Fish and invertebrate sampling proceeded in an upstream direction to avoid disturbance to either. At the end of each 4-h
period, we removed drift nets and preserved
their contents in 70% ethanol for later sorting,
identification, and enumeration. Densities of
drifting organisms were quantified following
methods described by Smock (1996).
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Analyses of diet composition, overlap, and
selectivity were conducted on the entire collection of fish (e.g., over the entire 36-h
period). No attempts were made to stratify the
data by time as sampling within each time
period was limited. Fish with empty stomachs
were excluded from analyses of diet selection.
To evaluate the influence of body size on prey
consumption, total number of prey and prey
widths were correlated with fish size (fork
length) in each species. Taxonomic similarity
of all prey in the diets of brook and Lahontan
cutthroat trout was estimated by percentage
overlap. Percentage overlap between 2 species
was estimated as:
Pjk = [∑ (minimum pij , pik)]100
Fig. 2. Scatter plots of Lahontan cutthroat trout density
(fish >100 mm), expressed as percentage of total salmonid
density (Lahontan cutthroat trout + brook trout). Data are
from multiple (3+) pass electrofishing samples at 7 sites
in 4 streams in the Humboldt River drainage, 1996 (R.E.
Schroeter and J.B. Dunham unpublished data). Sites are
25-m stream reaches spaced 300 m apart and sorted (1
through 7) in a down- to upstream direction. Note there
are only 5 data points for stream A because fish were
absent from 2 sites. Streams are as follows: (A) South Fork
Tierney Creek, (B) North Fork Tierney Creek, (C) North
Fork Humboldt River, (D) Abel Creek.

for n = 1 to the total number of resource
states (prey orders in this case), where pij and
pik are proportions of resource i used by species
j and k, respectively (Schoener 1970).
Preference for the 5 most abundant prey
items (insect orders) was estimated for each
individual by the method of Strauss (1979) and
calculated as:
L = ri – pi

After sampling the invertebrate drift, we
captured trout directly downstream (within 30
m) of the drift nets by electrofishing. Stomach
contents of trout sampled for diet analysis
were collected with a water-filled syringe fitted with a short length of narrow (~3-mmdiameter) surgical tubing. Prior to the study
this method was field-tested on live brook
trout (n = 10) that were later sacrificed to
examine any remaining stomach contents. In
all cases the method was found to flush 100%
of food items in the cardiac stomach. Identification of trout stomach contents and drift net
samples was conducted with a dissecting scope
equipped with an ocular micrometer. All prey
and drift items were identified to order using
Merritt and Cummins (1984). Head widths of
prey items were measured (to the nearest 0.1
mm) to quantify prey size. We used only maximum head width (excluding movable appendages) because many prey items were partially
digested or broken into pieces. This also prevented counting the same individual more
than once when total number of consumed
prey was determined.

where ri is the relative proportion of prey item
i in the diet and pi is the relative proportion of
prey item i in the environment. Values of L
range between 1 and –1, indicating perfect
selection and perfect avoidance of prey,
respectively. Because drift rates of prey were
very low, we used pooled abundance from the
entire sampling period to estimate proportions
of prey available in the environment. Statistical differences in prey selection between
brook trout and Lahontan cutthroat trout were
assessed with Wilcoxon rank sum tests.
RESULTS
Average fork lengths of the 30 Lahontan
cutthroat and brook trout sampled for stomach
contents were 151 and 158 mm, respectively.
Average absolute size difference between
paired individuals was 20 mm. Research on
other subspecies of cutthroat trout has shown
that size differences of this magnitude should
have a negligible effect on diet selection
(Bozek et al. 1994). Average fork length for an
additional 76 brook trout captured during
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sampling was 182 mm. Analysis of variance
indicated fork lengths differed significantly
among these 3 samples (F2,132 = 6.57, P =
0.0019). Mean comparisons (Fisher’s protected least significant difference) indicated
fork lengths of unsampled brook trout were
significantly greater than sampled Lahontan
cutthroat trout (P < 0.01), but not different
from sampled brook trout. As expected, fork
lengths of sampled Lahontan cutthroat and
brook trout were not significantly different.
If relative rates of capture were a reflection
of relative densities of these 2 species, then
brook trout outnumbered Lahontan cutthroat
trout by over 3.5 to 1 in the section of the
North Fork Humboldt River we sampled. This
estimate refers only to fish >100 mm in fork
length. Smaller fish were present in the study
area but were not considered in this study.
Capture probabilities were not estimated, but
they were probably greater for Lahontan cutthroat trout, since it was the focal species of
this study. As a result, the relative number of
brook trout may have been underestimated. In
any case, our results clearly indicated that
brook trout far outnumbered Lahontan cutthroat trout, and that large (>100 mm) brook
trout had significantly greater fork lengths.
In the nine 4-h drift net collections, only
221 drift organisms were collected. Drift densities (Smock 1996) were extremely low, ranging between 0.13 and 0.31 drifting organisms
per cubic meter. Dipteran insects were the
dominant taxonomic group (Table 1) and dominated diel patterns of drift. Size structure of
the drift was not quantified. Sizes (maximum
head widths) of invertebrates consumed by
trout ranged from 1.1 to 5.7 mm, so we were
confident the 1-mm-mesh bar drift net captured prey of sizes consumed by sampled
trout.
Lahontan cutthroat trout consumed significantly larger numbers of prey items than
brook trout (2-tailed Wilcoxon paired-sample
test, P < 0.001). Individual Lahontan cutthroat trout consumed an average of 28.2 prey,
compared to 10.5 for individual brook trout.
All 30 Lahontan cutthroat trout had consumed
prey, while 4 of 30 brook trout had empty
stomachs. Average maximum head widths of
prey consumed by brook trout were 1.5 times
larger on average than prey consumed by
Lahontan cutthroat trout (2.4 versus 1.5 mm,
respectively), and this difference was highly
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significant (2-tailed Wilcoxon paired-sample
test, P < 0.001). Spearman rank correlations
between fish fork length and prey width were
significant for Lahontan cutthroat trout (rs =
0.53, P = 0.003), but not for brook trout (rs =
0.27, P = 0.16). Similarly, number of prey consumed was positively correlated with Lahontan cutthroat trout fork length (rs = 0.44, P =
0.02), but not for brook trout (rs = 0.16, P =
0.39).
Diet overlap was relatively high (81.4%)
between the 2 species. Trichopteran larvae
(primarily Ryacophilid larvae) dominated diets
of both species, followed by Hymenoptera
(Table 1), which, unlike other major prey
items, were primarily terrestrial in origin.
Overall, both species showed strongest selection for Trichopteran prey, with relatively
weak selection (–0.25 > L < 0.25) for other
prey types. Prey selection did not vary significantly between brook trout and Lahontan cutthroat trout, as indicated by Wilcoxon rank
sum tests. We considered selection only for
the 5 most abundant taxa, as other taxonomic
groups were of minor significance (3.80% of
Lahontan cutthroat trout diets and 7.53% of
brook trout diets). Fish were rare in trout diets
in this study and were represented by a single
Paiute sculpin (Cottus beldingi) consumed by a
Lahontan cutthroat trout. No instances of predation on trout of either species were observed.
DISCUSSION
Results of this study provide several interesting insights into how Lahontan cutthroat
trout and nonnative brook trout may interact.
It appears that predation and/or cannibalism
of young-of-year trout by larger trout may be
uncommon. We did not sample stomachs of
larger brook trout captured in this study, but
our results corroborate numerous anecdotal
observations of diets of brook and Lahontan
cutthroat trout (n > 50 individuals of each
species; Dunham personal observation) and
results of comparative studies of other cutthroat trout subspecies (O. c. lewisi) and brook
trout (Griffith 1974).
While direct evidence of predation was
lacking, predation may indirectly affect youngof-year trout by altering patterns of habitat use
(Dill and Fraser 1984). Large (>200 mm fork
length) Lahontan cutthroat and brook trout
have been observed to consume other fish on
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TABLE 1. Overall percentages of invertebrate prey items found in stomachs of brook trout (BT) and Lahontan cutthroat
trout (LCT), and those caught in drift nets. Averaged values of the Strauss linear index of food selection (L) for Lahontan
cutthroat trout and brook trout also are shown (standard deviations in parentheses).

Order

Prey percentages
_____________________________________
BT
LCT
Drift nets

Strauss’ L
_____________________________
BT
LCT

Diptera
Plecoptera
Trichoptera
Coleoptera
Hymenoptera

21.41
5.43
36.42
13.74
15.65

–0.05 (0.19)
0.002 (0.12)
0.23 (0.30)
0.00 (0.16)
0.10 (0.19)

16.88
3.80
47.09
5.95
22.47

an intermittent basis, and individuals as small
as 150 mm in length will consume adult (≥40
mm) speckled dace (Rhinichthys osculus; Dunham personal observation). In this study only a
single Paiute sculpin (Cottus beldingi) was
found in the stomach of a Lahontan cutthroat
trout. Thus, large trout may be perceived as
potential predators by smaller individuals.
During the course of this study, both youngof-year cutthroat trout and brook trout were
most obviously abundant in off-channel habitats, a distribution pattern also observed by
Moore and Gregory (1988) for coastal cutthroat trout (O. c. clarki) in streams.
Piscivory was rare, but trout sampled in
this study were found to consume a large
number of invertebrate prey items, primarily
insects. This was in spite of low observed drift
rates. We have no explanation for low drift
rates in this study, as there were no obvious
disturbances or evidence of extreme habitat
degradation at the time. Certainly, fish would
be expected to capture more prey since they
presumably search the water column for prey
items, as opposed to passive capture by drift
nets. Furthermore, some fish (see below) may
feed on benthic prey in addition to those in
the drift.
One of the most striking results of this
study was that Lahontan cutthroat trout consumed over 2.5 times more prey items (total)
than did brook trout. Similarly, Griffith (1974)
observed moderately higher (25%) per-capita
consumption rates for cutthroat trout. Brook
trout were more likely to have empty stomachs than Lahontan cutthroat trout (13.3%
versus 0.0% empty stomachs, respectively).
Griffith (1974) sampled age 0 and age 1+ cutthroat and brook trout and found only 2% of
stomachs contained no food. The difference in
consumption rates between Lahontan cutthroat
trout and brook trout cannot be attributed to

23.64
5.75
13.42
10.86
6.39

–0.08 (0.17)
0.05 (0.16)
0.29 (0.28)
–0.06 (0.11)
0.11 (0.21)

body size because fish were closely matched
for size. Prey selectivity could explain differences in consumption rates, but we found no
taxonomic differences in prey selectivity between the 2 species.
Taxonomic diet overlap between brook and
Lahontan cutthroat was high, suggesting the
potential for food-mediated competitive interactions. Similarly, selectivity did not vary significantly between species, and trout were
opportunistic (i.e., nonselective) in their feeding. Different classifications of drift may produce different results with regard to prey
selectivity and diet overlap, however. For
example, we did not attempt to identify invertebrates below order, nor did we classify invertebrates with regard to a recently published
classification of characteristics that may affect
their availability to trout (Rader 1997). Furthermore, our focus on drifting organisms may not
have accurately characterized potential prey
items (sensu Strauss 1979).
Brook trout consumed prey that were larger
on average (as indicated by prey head widths),
which may have compensated for the large
difference in overall consumption rates. Griffith
(1972, 1974) found that brook trout exploited
both benthic and drifting invertebrates, while
cutthroat trout fed more exclusively on drift.
This observation was used by Griffith to explain
why brook trout may consume larger (benthic)
prey items. Differences in gape size could
possibly explain why brook trout consumed
larger prey, but prey size was not related to
fork length (a surrogate of gape size) for brook
trout, and research in similar systems suggests
gape limitation may not be important (see also
Bozek et al. 1994).
Differences in microhabitat selection and
interactive segregation between the 2 species
also may explain the contrasting consumption
rates we observed (see also Griffith 1972, 1974,
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DeStaso and Rahel 1994, Schroeter 1998).
Within species, social dominance is suggested
by the observation that prey size and consumption rate were positively related to fish
size (fork length) for Lahontan cutthroat trout,
but not for brook trout. Larger Lahontan cutthroat trout may have monopolized higherquality feeding locations, including highervelocity microhabitats (sensu Griffith 1972,
Fausch 1989) such as riffles, which typically
have higher densities of invertebrate prey
(Chapman and Bjornn 1969). These habitats
may be more energetically profitable in terms
of feeding, but less so in terms of swimming
costs.
Obviously, consumption rates are only a
single factor among many that may determine
the net (energetic) profitability of feeding
positions in streams (Fausch 1984). For brook
trout, relatively high fish densities in the North
Fork Humboldt River may have increased
intraspecific competition for food and feeding
locations, thus lowering per-capita consumption rates. Alternatively, social dominance of
cutthroat trout (Griffith 1972, but see DeStaso
and Rahel 1994, Schroeter 1998) may have
displaced brook trout to less favorable feeding
locations.
In summary, we observed a high degree of
taxonomic similarity between diets of Lahontan
cutthroat trout and brook trout in the North
Fork Humboldt River, with no evidence of
predation on juvenile trout by either species.
Rates of consumption, size of prey consumed,
and relationships of these variables to fish size
varied dramatically between the 2 species, however. Rates of consumption by both species
did not reflect low rates of invertebrate drift
we observed, though some brook trout stomachs were found to be empty, suggesting food
limitation may have been important (at least
for brook trout) at the time of our study.
Results from this short-term look at feeding
habits do not provide compelling evidence to
suggest feeding by Lahontan cutthroat trout is
limited by presence of large numbers of brook
trout in the North Fork Humboldt River. There
is, however, much evidence to suggest fundamental differences in how Lahontan cutthroat
trout and brook trout utilize food, a potentially
limiting resource, in this system. Further comparative work on allopatric cutthroat and brook
trout populations is needed to see if similar
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feeding patterns are observed. A better understanding of these differences may help to
explain the variable success of brook trout
invasions observed across stream habitats in
the Lahontan Basin, and their potential effects
on Lahontan cutthroat trout
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INFLUENCE OF SUBSTRATE SIZE, CLADOPHORA, AND CADDISFLY
PUPAL CASES ON COLONIZATION OF MACROINVERTEBRATES
IN SAGEHEN CREEK, CALIFORNIA
Steven D. Ellsworth1
ABSTRACT.—Colonization of stream macroinvertebrates onto artificial substrates was examined in Sagehen Creek,
California, during 1993. Substrate size and presence or absence of pupal cases of the caddisfly Anagapetus (Glossosomatidae) were examined as possible influences on macroinvertebrate colonization. Macroinvertebrates were collected
from substrates after 60 d of incubation and identified to the lowest feasible taxonomic unit. Dry weight of the filamentous green alga Cladophora also was determined for each substrate.
A general linear model indicated a significant positive relationship between both substrate size and presence of
pupal cases on richness (P < 0.001). There was no significant effect of cases on the E5 evenness index, which supports
the passive sampling model as a mechanism giving rise to the effect of cases on richness. A multivariate general linear
model indicated a significant positive effect of Anagapetus cases on Micrasema bactro, Epeorus, and Rhyacophila sp. 1,
and of substrate size on Hydropsyche occidentalis and Epeorus. Neither cases nor substrate size had a significant effect
on Cladophora density (P > 0.05). There were significant negative correlations between Cladophora density and both
Shannon H′ and J′ indices. There were significant positive relationships between Cladophora density with Baetis,
Simulium, and Chironomidae density. Combined main effects of substrate size, Anagapetus pupal cases, and Cladophora
have dynamic influences on this macroinvertebrate fauna. This study demonstrates the complex interplay of biotic and
abiotic factors that determine macroinvertebrate distribution and abundance in this system.
Key words: colonization, Anagapetus, Cladophora, substrate size, macroinvertebrates, habitat heterogeneity.

Determining relative influences of biotic
and abiotic factors on distribution and abundance of organisms has been a central theme
in ecology (Strong et al. 1984, Diamond and
Case 1986, Schoener 1987); lotic ecology is no
exception (e.g., Peckarsky and Dodson 1980,
Grossman et al. 1982, McAuliffe 1984a, Minshall and Peterson 1985, Power et al. 1988, Resh
et al. 1988, Death and Winterbourne 1994,
Robertson et al. 1997). Examination of factors
that influence colonization onto substrates has
been a means of determining relative importance of abiotic and biotic factors in stream
macroinvertebrate communities (Mackay 1992).
Substrate size, colonization surface texture,
and algal abundance all affect stream macroinvertebrate colonization (Fuller et al. 1986,
O’Conner 1991, Mackay 1992, Douglas and
Lake 1994). The present study was designed
to examine influences of substrate size, the filamentous green alga Cladophora, and pupal
cases of the caddisfly Anagapetus on macroinvertebrate colonization onto substrates in
Sagehen Creek, California.

Substrate size significantly influences stream
macroinvertebrate distribution and abundance
on natural (Clements 1987, Douglas and Lake
1994) and artificial substrates (Clements 1987,
Giller and Cambell 1989, Love and Bailey 1992,
Douglas and Lake 1994) in streams. Species
richness usually increases with substrate size
in streams (Douglas and Lake 1994, Ellsworth
1997). Mechanisms generating this “speciesarea relationship” are not well understood for
substrates in streams, although habitat heterogeneity, disturbance, and fragmentation effects
all have been hypothesized (Douglas and Lake
1994, Ellsworth 1997). Substrate size also can
influence distribution and abundance of individual taxa. The relationship between number
of individuals and stone size has been shown
to vary among taxa (Shelley 1979, McElhone
and Davies 1983, Clements 1987).
Algae on substrate surfaces also can influence macroinvertebrate colonization (Hart
1979, Lamberti and Resh 1983, Fuller et al.
1986, Robinson et al. 1990, Mackay 1992,
Death and Winterbourne 1995) and overall

1Land, Air, and Water Resources, Veihmeyer Hall, University of California at Davis, Davis, CA 95616. Present addresses: Biological Resources Research Center,
Stop 314, University of Nevada–Reno, Reno, NV 89557 and Sierra Nevada College, 999 Tahoe Blvd., Incline Village, NV 89450.
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community structure in streams (Power et al.
1985, Dudley et al. 1986, Hart 1992). Relatively simple interactions between algae and
invertebrates have been reported when algae
are microscopic (McAuliffe 1984b, Fuller et al.
1986, Morin and Peters 1988). In contrast,
macroalgae may affect macroinvertebrate colonization in more complex ways. Dudley et al.
(1986) suggested that macroalgae may influence
stream macroinvertebrate community structure by providing food to herbivores, altering
physical conditions such as flow patterns, and
competing with sessile macroinvertebrates for
attachment space. Cladophora, a filamentous
green alga, can influence macroinvertebrates
by reducing current velocities over substrate
surfaces (Hart 1992), providing attachment sites
for invertebrates (Dudley et al. 1986), and shading substrate surfaces (Feminella and Resh
1991, Hart 1992). Orth and van Montfrans (1984),
Duffy (1990), and Dodds (1991) suggested mutualisms exist between grazer-resistant macroalgae and grazers that consume their epiphytes.
Cladophora may benefit epiphyte grazers by
providing structural habitat for epiphytes and
by providing refuge from invertebrate predators. In turn, grazers may benefit Cladophora
by removing epiphytes that compete for resources with Cladophora or increase drag,
thereby increasing the probability of dislodgment (Dodds 1991).
Substrate surface heterogeneity also may
affect macroinvertebrate distribution and abundance in streams (Hart 1979, Diamond 1986,
O’Connor 1991, Douglas and Lake 1994). The
focus of many studies has been to determine
effects of grooves and pits in substrate surfaces on algal and macroinvertebrate colonization (e.g., Hart 1979, Douglas and Lake 1994).
Structures made by macroinvertebrates also
can alter the physical complexity of substrate
surfaces. Caddisfly retreats and cases, black fly
pupal cases, and chironomid larvae tubes all
can facilitate the colonization of other taxa
(Diamond 1986, Malmqvist and Otto 1987,
Bergey and Resh 1994). In the present study
pupal cases of the caddisfly Anagapetus were
used to alter surface complexity of stream substrates. Anagapetus, an abundant taxa in Sagehen Creek (Erman 1989, Ellsworth 1997), is in
the family Glossosomatidae, a group of aquatic
insects that build larval cases unique to the
family (Merritt and Cummins 1996). After
pupation and emergence, empty Anagapetus
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cases remain firmly attached to the stone surfaces in Sagehen Creek (Ellsworth personal
observation). Cases may influence colonization
of other macroinvertebrates by altering flows
over substrate surfaces, providing refuge from
predators, providing attachment sites, and
promoting accrual of algae. This study provided
an opportunity to test the resource availability
hypothesis and passive sampling hypothesis
(described in Dean and Connell 1987a, 1987b)
as mechanisms affecting richness patterns on
substrates.
MATERIALS AND METHODS
The study was located in Sagehen Creek,
California, near the University of California
Sagehen Creek Biological Station. Sagehen
Creek is on the eastern slope of the Sierra
Nevada and is part of the Truckee River
watershed, the terminus of which is Pyramid
Lake, Nevada. The creek is largely spring fed
and ranges in elevation from approximately
1800 to 2250 m.
Artificial substrates rather than natural substrates were used as colonizing surfaces to
control for confounding effects of factors such
as substrate shape and surface heterogeneity
that differ among natural substrates. Use of
artificial substrates can reduce variability of
samples (Rosenberg and Resh 1982) and accurately represent the composition of natural
substrates with a sufficiently long exposure
period of 1–2 months (Lamberti and Resh
1985). Substrates used were 2 sizes of unglazed
clay tiles (small, 8 × 8 × 0.5 cm, and large, 16 ×
16 × 0.5 cm). Substrates were soaked in water
and scrubbed thoroughly prior to placement
in the creek. Anagapetus pupal cases were
attached with a trace of epoxy glue and were
evenly placed in a 3 × 3 arrangement on small
substrates and a 6 × 6 arrangement on large
substrates so that case densities were the same
on both substrates. Densities were chosen to
be representative of what was described from
natural substrates by Ellsworth (1997). Eight
separate riffles over an approximately 85-m
stretch of the creek that had similar depths,
widths, current velocity, and canopy cover
were selected. Four treatments were used in
the study: small substrates without Anagapetus cases (SWO), small with cases (SW), large
without cases (LWO), and large with cases
(LW). Substrates were placed in longitudinal
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fashion in the center of the creek. Treatments
were randomized within 8 clusters of each of
the 4 treatments and incubated in the creek
for 60 d from August to October 1993. This
period of time was selected to ensure development of epilithic texture and interstitial deposition, and to provide enough time to reach
equilibrium in macroinvertebrate richness and
densities.
Substrates were collected by placing a
Surber sampler (net mesh size 250 µm) immediately downstream from substrates and lifting
them into the sampler. Macroinvertebrates
and Cladophora filaments that accrued during
the study were removed from substrates by a
combination of manual agitation, scrubbing,
manual picking with forceps, and rinsing with
95% ethanol. In the laboratory macroinvertebrates were identified to the lowest feasible
taxon, and Cladophora filaments were separated
using forceps. Cladophora was then placed in
a drying oven, dried, and weighed to obtain
dry weight for each substrate.
Richness, diversity, and evenness were used
as response variables to compare macroinvertebrate assemblages on experimental substrates. Richness was analyzed using a general
linear model with substrate size and presence
or absence of cases as independent factors.
Diversity was measured with the Shannon
index (H′), and evenness with the J′ and E5
index as described in Ludwig and Reynolds
(1988). The possible effect of Anagapetus cases
on macroinvertebrate assemblage richness of
substrates in Sagehen Creek was examined by
a method used by Dean and Connell (1987a,
1987b). The E5 index, also called the “modified Hill’s ratio,” is expressed:
1/ λ ) – 1
(______
e H′ – 1
where λ is Simpson’s diversity index and H′ is
the Shannon index. Dean and Connell (1987a,
1987b) suggested that a resource availability
hypothesis is supported if the positive relationship between richness and habitat complexity is explained by an increase in evenness. This hypothesis states that richness is
increased by increasing the number of potential resources. Alternatively, the sampling phenomenon hypothesis states that species evenness is the same between simple and complex
habitats and that an increase in richness on
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complex habitats is due solely to increase in
the number of individuals. A Kruskal-Wallis
test was performed to determine if there was
an effect of Anagapetus cases on the E5 index.
To examine the possible influence of substrate size and Anagapetus cases on densities
of individual taxa, a multivariate general linear
model (MANOVA) was utilized. The 10 most
abundant taxa on the substrates were chosen
for analyses. A natural logarithmic transformation (ln(n + 1)) of macroinvertebrate density
data was used to stabilize variances. For individual univariate tests, the sequential Bonferroni technique was used to adjust probability
values to take into account an increased probability of a type I error when multiple tests are
done with the same model. A 2-way ANOVA
was used to determine if there was an effect of
substrate size and cases on Cladophora dry
weight density. Dry weight density (ln transformed) was used in regression analyses as
predictor variable with individual macroinvertebrate taxa densities (ln(n + 1) transformed)
as response variables.
RESULTS
Two substrates overturned during the 60-d
period and were not sampled or considered in
analyses. Of 23 taxa identified over all samples, Chironomidae, Simulium, and Baetis were
the dominant taxa in terms of abundance. Also
identified were the caddisflies Brachycentrus
americanus, Micrasema bactro, Anagapetus,
Hydropschye occidentalis, Ochrotrichia, Neophylax, Rhyacophila sp. 1, and Rhyacophila
sp. 2; the mayflies Cinygmula, Seratella, Epeorus, Drunella doddsi, and Drunella grandis;
the dipterans Simulium, Cricotopus, and Antocha
monticola; and the stoneflies Calineuria californica, Yoraperla, Nemoura, and Zapada.
Size and case treatments had significant
positive effects on richness of individual substrate, with no significant interaction (Table 1,
Fig. 1). There was no significant effect of case
treatment on the E5 index (Kruskal-Wallis
test, P = 0.454). There was a significant negative correlation between Cladophora dry
weight density and the Shannon diversity
index (Fig. 2) and J′ equitability index (Fig. 3).
There was a significant effect of substrate size
on the J′ equitability index (Kruskal-Wallis
test, P = 0.001).
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TABLE 1. Two-way ANOVA results to examine the effect of substrate size and presence/absence of Anagapetus pupal
case on macroinvertebrate taxa richness.
Effect
RICHNESS
Size
Cases
Size*cases
Error
Total

Sum-of-squares

df

F-ratio

P

124.033
102.515
0.315
45.304
272.167

1
1
1
26
29

71.35
58.83
0.18

<0.001
<0.001
0.674

A multivariate general linear model with
substrate size and presence or absence of Anagapetus cases as factors and individual macroinvertebrate taxa densities as response variables revealed several significant main effects
(Table 2). Statistics for the multivariate test all
showed a significant main effect of case treatment (P < 0.05) and substrate size (P < 0.05)
on macroinvertebrate densities. There was no
significant interaction between treatments (P
> 0.05). In univariate 2-way analyses, case
treatment had a significant effect after a
sequential Bonferroni adjustment (α = 0.05)
on densities of Micrasema bactro, Epeorus,
and Rhyacophila sp. 1 (Table 2, Fig. 4); and
substrate size had a significant effect on Epeorus and Hydropsyche occidentalis. Neither
case nor size treatments had a significant
effect on Cladophora dry weight density (P >
0.05). Linear regression analyses of macroinvertebrate densities on dry weight density of
Cladophora (ln transformed) revealed significant positive relationships with Chironomidae, Baetis, and Simulium (Fig. 5).
DISCUSSION
Ecologists have long sought to determine
the relative importance of biotic and abiotic
factors on populations and communities. A
central theme developed in lotic ecology over
the last several decades is that biotic interactions are linked closely to abiotic influences
(Power et al. 1988, Mackay 1992). Referring to
biotic and abiotic factors, Power et al. (1988)
state “the relative importance and effect of
such factors or ‘controls’ shift with dynamic
changes in density of organisms and environmental conditions.” This study examined effects
of 3 factors—presence of caddisfly pupal cases,
the filamentous alga Cladophora, and substrate
size—on distribution, abundance, and assem-

blage structure of stream macroinvertebrates.
Results show significant effects of each factor,
indicating that there are dynamic multilateral
controls on the macroinvertebrate community
in Sagehen Creek.
Effects of Anagapetus
Pupal Cases
This study determined that pupal cases made
by the caddisfly Anagapetus had an effect on
densities of several macroinvertebrate taxa
and overall richness on artificial substrates,
although mechanisms involved have not yet
been determined. Anagapetus cases are likely
to accrue algae that are utilized by herbivores
such as Epeorus and Micrasema, similar to the
facilitation of grazers by Gumaga cases documented by Bergey and Resh (1994). Cases
also may affect flow over substrate surface.
Microscale changes in currents are known to
influence macroinvertebrates (Power et al.
1988). Cases also may provide refuge from
predators such as the stoneflies Calineuria californica and Dorineuria, the caddisfly Rhyacophila, trout, and sculpin, all of which are
common in Sagehen Creek (Erman 1989,
Ellsworth 1997). Results provide further evidence that structures made by macroinvertebrates are an important component of structural complexity of substrates and have significant influences on macroinvertebrate distributions and abundances. Bergey and Resh (1994)
found that empty cases of the caddisfly Gumaga
nigricula promoted accrual of algae on which
other taxa grazed. Diamond (1986) found that
larval retreats of the caddisfly Cheumatopschye
facilitated colonization of other macroinvertebrate taxa onto stones through the presence of
larval retreat and not the larvae themselves.
Poff and Ward (1988) found that early instars
of Baetis occupy Glossosoma cases to a greater
extent than surrounding rock surfaces.
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Fig. 1. Response of macroinvertebrate richness to artificial substrates with 4 treatments: small substrates with
Anagapetus cases (SW), small substrates without cases
(SWO), large substrates with cases (LW), and large substrates without cases (LWO). Error bars represent 1 standard deviation.

An examination of the mechanism causing
the significant effect of pupal cases on richness
suggests the sampling phenomenon hypothesis is supported in this study. This means the
structural complexity created by Anagapetus
cases acted to support more individuals per
unit area, thereby increasing species richness,
rather than increasing available resources (as
stated in the resource availability hypothesis.)
Dean and Connell (1987b) suggested that
increased habitat complexity may increase the
number of individuals through decreased levels of disturbance, or through active selection
of complex habitats by colonists and passive
transport and sorting of individuals into habitats. O’Conner (1991) proposed that decreased
predation rates, increased food levels, and
increased living space as mechanisms give rise
to the passive sampling phenomena. In contrast to the present study, O’Conner (1991)
demonstrated that the resource availability
hypothesis was supported as an explanation
for an increase in stream macroinvertebrate
richness on wood with higher surface complexity. Douglas and Lake (1994) also supported the resource availability hypothesis as
an explanation of increased richness on stones
with higher degrees of surface heterogeneity.
The relative influence of sampling phenomenon and resource availability mechanisms
needs further attention to better understand
how habitat heterogeneity influences stream
macroinvertebrate distribution and abundance.
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Fig. 2. Relationship between Shannon diversity index (H′)
for macroinvertebrates on individual substrates and dry
weight density of the filamentous green alga Cladophora.

Fig. 3. Relationship between Shannon J′ equitability
index for macroinvertebrates on artificial substrates and
dry weight density of the filamentous green alga
Cladophora.

Effects of the Green Alga
Cladophora
Dudley et al. (1986), Dodds (1991), and Hart
(1992) all found that Cladophora affect abiotic
and biotic characteristics of stream microhabitats. Cladophora has been shown to have positive and negative effects on individual macroinvertebrate taxa (Dudley et al. 1986, Hart
1992). The present study found influences of
Cladophora on individual macroinvertebrate
taxa and measures of community structure.
The positive relationship between Cladophora
and Simulium documented in this study is
especially noteworthy as the 2 have been
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TABLE 2. Results of MANOVA showing the effect of
substrate size and presence/absence of Anagapetus cases
on density of individual macroinvertebrates. An asterisk
indicates P values that are significant (α = 0.05) after a
sequential Bonferroni adjustment.
Taxon
Micrasema bactro
Anagapetus
Hydropsyche
occidentalis
Baetis
Cinygmula
Epeorus
Simulium
Rhyacophila sp. 1
Rhyacophila sp. 2
Chironomidae

Presence/absence
of pupal cases

Substrate
size

0.001*
0.337

0.251
0.013

0.441
0.100
0.265
0.004*
0.708
0.005*
0.019
0.271

0.005*
0.534
0.027
0.001*
0.713
0.077
0.340
0.931

reported to have strong negative relationships
and to compete for attachment space (Dudley
et al. 1986). Dudley et al. (1986) and Downes
and Lake (1991) both suggested that black fly
larvae avoid stones with heavy algal coats or
attached filamentous algae. Cladophora may
have significantly lowered light penetration to
substrates, which in turn lowered periphyton
levels on substrates (Feminella and Resh 1991).
This effect may have enabled Simulium to better attach to substrate surfaces, assuming that
attachment space is not limiting for Simulium
and Cladophora. Simulium may also attach to
Cladophora filaments, which would provide
more attachment area on substrates with Cladophora. Alternatively, Cladophora and Simulium may have responded in the same manner
to a variable that was not measured in the
study. Hart (1992) suggested that mature
Cladophora may deter grazing by chemical
defenses but lack defenses during initial
growth phases. The significant positive correlations of Cladophora abundance to Baetis and
chironomid densities may be explained by the
ability of these grazers to consume Cladophora in early growth stages. Baetis and chironomids also may utilize epiphytes growing
on Cladophora and hence have a mutualism
with Cladophora as described by Dodds (1991).
Dodds (1991) suggested that when grazers
remove epiphytes from Cladophora, the alga
benefits from decreased competition for light
and nutrients, and lower levels of drag. Clearly, manipulative experiments similar to that of
Dudley et al. (1986), Dudley and D’Antonio
(1991), and Hart (1992) are needed to sort out

Fig. 4. Three macroinvertebrate taxa with significantly
greater densities (after sequential Bonferroni adjustments
with α = 0.05) on artificial substrates with Anagapetus
cases than substrates without cases. Error bars represent
standard error of the mean.

the mechanisms of Cladophora influence on
these individual taxa in Sagehen Creek.
Cladophora had significant effects on measures of macroinvertebrate assemblage structure on individual substrates. The negative
correlation between Cladophora and the Shannon diversity index on substrates can be explained by the negative relationship between
Cladophora and evenness (as determined by
J′) and not by an effect on richness. The decline
in evenness at high levels of Cladophora density can be explained by the alga’s significant
positive relationship to densities of the 3 most
abundant taxa (Baetis, Simulium, and Chironomidae). This study provides evidence that
Cladophora exerts a strong influence on macroinvertebrate community structure by modifying distribution and abundance of these 3
abundant taxa.
Effects of Substrate Size
The positive relationship between substrate
size and richness is consistent with the classic
species-area relationship (McGuinness 1984,
Hart and Horowitz 1991). Hart (1979), Clements (1987), Douglas and Lake (1994), and
Ellsworth (1997) all have documented a speciesarea relationship for macroinvertebrates on
artificial substrates in streams. Mechanisms
giving rise to the species-area relationship
have not been well understood (McGuinness
1984, Hart and Horowitz 1991). However,
recent studies have suggested that habitat heterogeneity, fragmentation effects, and disturbance may generate the species-area relationship for macroinvertebrates on stream stones
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Fig. 5. Regression analyses of dry weight density of the
filamentous green alga Cladophora (in g per 100 cm2) on 3
common taxa in Sagehen Creek. Samples were taken from
artificial substrates placed in Sagehen Creek, California,
for 60 d during fall 1993.

(Douglas and Lake 1994, Ellsworth 1997).
Because artificial substrates used were not
disturbed (i.e., overturned) during the study
period, habitat heterogeneity and disturbance
can be ruled out as mechanisms generating
the species-area relationship. However, passive sampling, whereby large substrates collect more individuals and hence more species
(Coleman 1981), and fragmentation effects
cannot be ruled out.
Conclusions
By documenting significant effects of substrate size, Anagapetus pupal cases, and Cladophora on individual macroinvertebrate taxa
densities and community structure, this study
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emphasizes that multiple biotic and abiotic
factors determine the organization of stream
communities. Probable influences of the factors are not clearly delineated into “biotic” or
“abiotic.” The direct effect of pupal cases may
be abiotic, such as altering flow conditions
over substrate surfaces, but their structure and
placement are a product of activities of an
organism. Cladophora may have biotic influences, such as providing food to macroinvertebrates either directly or indirectly (through
epiphytes), but it also may do this by altering
abiotic variables on substrates such as current
velocity and light penetration to substrate
surfaces.
Artificial substrates were chosen for this
study to control for variability in factors such
as size and surface texture of natural substrates. There may be limitations to conclusions that can be reached in this study because
artificial substrates and their associated macroinvertebrate assemblages may not reflect those
of natural substrates. Anagapetus cases were
artificially held in place for 60 d during this
study, a time that may not reflect natural persistence. Persistence of empty Anagapetus cases
should be determined in part to positioning on
substrates and flow, 2 variables that were controlled in this study. Further investigation
should be conducted to determine factors that
influence persistence of cases and how this in
turn affects seasonal dynamics of macroinvertebrate distribution and abundance.
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EFFECTS OF HABITAT FRAGMENTATION AND DIFFERING
MOBILITY ON THE POPULATION STRUCTURES OF
A GREAT BASIN DRAGONFLY (SYMPETRUM CORRUPTUM)
AND DAMSELFLY (ENALLAGMA CARUNCULATUM)
Janice L. Simpkin1,2, Hugh B. Britten3, and Peter F. Brussard1
ABSTRACT.—The population structure of 2 Great Basin odonate species was assessed using protein electrophoresis.
Analyses included 7 populations of Sympetrum corruptum (suborder Anisoptera), a migratory and highly mobile dragonfly, and 8 populations of Enallagma carunculatum (suborder Zygoptera), a weak flier that is not known to migrate far
from natal water sources. Though we expected the damselfly (E. carunculatum) to show greater genetic isolation than
the dragonfly (S. corruptum), both species apparently had high levels of gene flow (theta = 0.0604 for S. corruptum,
theta = 0.0485 for E. carunculatum) and showed no evidence for isolation by distance. These results suggest that both
species are highly vagile and that the most important factors affecting population structure of these odonates may be
ecological conditions such as habitat patchiness and the ephemerality of water sources.
Key words: Odonata, protein electrophoresis, isolation by distance, Great Basin, gene flow.

Dispersal and associated gene flow affect the
long-term survival and evolution of species.
These aspects of population structure are particularly important in fragmented habitats
where movement between suitable sites may
be difficult. Several factors can affect dispersal, including geographic barriers, species
mobility, and ecological limitations (e.g., availability of food or breeding sites). The Great
Basin’s isolated habitat islands make it a classic region for studying the effects of insularization on community distributions (e.g., Brown
1971, 1978, Johnson 1975, but see Lawlor
1998). Generally, boreal mammals are isolated
on mountaintops, while birds are much less
isolated. Both Brown and Johnson attributed
this to the very different dispersal capabilities
of the 2 taxa. Butterflies are also distributed
according to their vagility, or genetically effective dispersal. Vagile species occurrences are
significantly less correlated with habitat area
than are sedentary species (Wilcox et al. 1986).
Population genetic structure, like community
structure, is strongly dependent on movement. Genetic variability among populations
should be correlated with vagility since gene
flow is the result of individuals moving between
populations. Geographic isolation can restrict

gene flow, producing an isolation by distance
pattern (Wright 1943) that is usually most pronounced in sedentary species. Several studies
of Great Basin organisms have shown some
level of genetic isolation that could be attributed to geographic, ecological, or mobility factors (Yandell 1993, Britten et al. 1994, 1995,
Britten and Rust 1996, Porter and Rust 1996,
Epps et al. 1998).
Typically, Great Basin species have exhibited genetic differentiation at various spatial
scales. Dune beetles in the genus Agaelia
(Porter and Rust 1996) and Eusattis muricatus
(Britten and Rust 1996, Epps et al. 1998) have
low levels of gene flow and significant isolation by distance at large scales, but not within
single dune complexes. Whitebark pine (Pinus
albicaulis) also shows genetic divergence between populations, probably due largely to
genetic drift (Yandell 1993). Similar differentiation attributable to drift occurs in the butterfly
Euphydryas editha (Britten et al. 1995).
During the Pleistocene, Lake Lahontan covered much of the northwestern Great Basin.
With a maximum size of 22,400 km2, it provided large, continuous habitat for aquatic
organisms. The lake level rose and fell intermittently throughout the Pleistocene. Portions

1Department of Biology/314, University of Nevada–Reno, Reno, NV 89557.
2Present address: Life Sciences, College of Southern Idaho, Twin Falls, ID 83303.
3Department of Biology, University of South Dakota,Vermillion, SD 57069.

320

2000]

ODONATE POPULATION STRUCTURE

of the lake were isolated periodically by several high physiographic separations, or sills.
These sills divided the Lahontan Basin into 7
subbasins (Benson and Thompson 1987). This
physical separation also may have impacted
the lake’s aquatic fauna. Organisms that once
existed in a continuous water body were isolated in remaining lake fragments (Hubbs et
al. 1974, Sigler and Sigler 1987) in much the
same way that boreal mammals were at least
partially isolated on mountaintops as the climate warmed at the end of the Pleistocene
(Brown 1971, 1978). Eventually, xeric conditions predominated in the Great Basin, leaving
little surface water. The aquatic habitats that
exist today are not only discontinuous, but many
are ephemeral, providing highly variable conditions for the species occupying them.
Dragonflies and damselflies (order Odonata)
are ancient insects that undoubtedly occurred
at Lake Lahontan throughout its existence.
Many species are still present at isolated water
sources that remain within subbasins. Odonates
are highly visible insects with differing mobilities. They have complex life cycles in which
the larval stage is completely aquatic while
adults are terrestrial and can fly. Adults are
long-lived and frequently able to move great
distances (Corbet 1963). Generally, dragonflies
(suborder Anisoptera) are stronger fliers than
damselflies (suborder Zygoptera). Given this,
one would expect the more mobile dragonflies
to have greater gene flow between populations
in patchy habitat than damselflies. In this study,
we selected 1 species from each suborder to
compare the effects of differing mobility on
gene flow. The dragonfly Sympetrum corruptum Hagen (Libellulidae) is migratory and
therefore highly mobile (Walker 1953). The
damselfly Enallagma carunculatum Morse
(Coenagrionidae) does move away from water,
but it is not known to be migratory (Walker
1953). McPeek (1989) found that other Enallagma species are extremely philopatric, suggesting that these damselflies may be much
more genetically isolated than dragonflies. Both
species are widespread and abundant in the
Great Basin. Very few studies have addressed
the genetic structure of odonate populations
(but see Chung et al. 1997); we know of no
studies that have analyzed Great Basin species.
Based upon their natural history, we expected to find greater gene flow in Sympetrum
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corruptum than in Enallagma carunculatum.
We collected samples of both species from
sites in subbasins of Lake Lahontan, expecting
that the odonate groups living within them
had been separated since water receded and
isolated the subbasins more than 10,000 YBP.
Thus, each subbasin should contain genetically
distinct populations. Other studies of insects
have shown reasonably high levels of genetic
differentiation among populations at scales
similar to those examined in this study (caddisflies: Jackson and Resh 1992; aquatic invertebrates: Boileau et al. 1992; butterflies: Britten et al. 1994, 1995; dune beetles: Porter and
Rust 1996, Britten and Rust 1996). We estimated isozyme variability in both species using
protein electrophoresis, a technique used widely during the past 30 yr to measure genetic
variability within and among populations.
Ultimately, information about odonate population genetics will allow assessments of their
responses to habitat fragmentation and variable environments.
METHODS
We collected adults of both the dragonfly
Sympetrum corruptum and the damselfly
Enallagma carunculatum from most subbasins
of Pleistocene Lake Lahontan and several sites
outside the Lahontan Basin during the summers of 1995–96 (Fig. 1). Both years had aboveaverage precipitation, while the preceding 8
yr had been very dry. However, it is unlikely
that any of the sampling sites except Artesia
Lake had dried up entirely during the drought.
The Lahontan Basin is defined as the area
submerged during the lake’s high-stand elevation of 1330 m, which occurred approximately
13,800 YBP (Fig.1; Grayson 1993). Since 2
rivers flow through the Carson/Humboldt subbasin, we collected samples from sites on each
river. Pine Reservoir is in the Carson River
portion of the subbasin, while Rye Patch Reservoir and Taylor Ditch are in the Humboldt
River portion. Only 1 site was sampled in each
of the remaining subbasins: Sutcliffe Pond in
Pyramid subbasin, Mason Valley in Walker
subbasin, Fleming Management Area in Honey
subbasin, and Guru Pond in Quinn subbasin.
Artesia Lake, Little Washoe Lake, and Oxbow
Pond are found in pluvial basins outside the
Lahontan Basin. All sites except Taylor Ditch
and Artesia Lake are ponds, either natural or
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Fig. 1. Subbasins of Lake Lahontan (from Benson 1987) with collection sites for this study: (1) Artesia Lake, (2) Pine
Reservoir, (3) Little Washoe Lake, (4) Rye Patch Reservoir, (5) Sutcliffe Pond, (6) Mason Valley, (7) Fleming Management
Area, (8) Taylor Ditch, (9) Guru Pond, (10) Oxbow Pond.

2000]

ODONATE POPULATION STRUCTURE

human-made. Taylor Ditch and Artesia Lake
contain areas of standing or slow-moving open
water. No samples were collected in Buena
Vista or Winnemucca subbasins because neither had enough surface water to support sufficiently large populations for collecting. Both
species were found in these subbasins, however. Though individuals were present, we did
not collect S. corruptum in Quinn subbasin
because we could not find sufficient numbers
of specimens at potential sampling sites.
We collected approximately 30 adults of
each species at each site (Table 2). Only male
E. carunculatum were used for genetic analyses because females are difficult to distinguish
from other Enallagma. Most specimens were
captured with an aerial insect net. Sympetrum
corruptum were also collected using a .22-caliber rifle loaded with dust shot. Aerial-net
captures were transported live to the lab and
then frozen at –80°C. Shot individuals were
placed on dry ice until they could be transferred to the –80°C freezer.
Samples were prepared for horizontal
starch gel electrophoresis according to methods outlined by Selander et al. (1971) and May
(1992). Allozyme variation was analyzed at 28
presumptive loci for S. corruptum and 19 presumptive loci for E. carunculatum (Table 1).
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Mean heterozygosity, deviations from HardyWeinberg equilibrium, heterogeneity among
populations, F statistics (Wright 1978), and
Nei’s genetic distances (Nei 1978) were calculated with BIOSYS-1 (Swofford and Selander
1981). We estimated thetas for each species
and the 95% confidence intervals around them
with 10,000 bootstrap iterations using a program developed by Miller (1997). Theta corresponds to Fst and provides a means of estimating among-population variances in allele frequencies (Weir 1990). Using a program developed by Slatkin (1993), we also assessed gene
flow among populations for each species in
relation to geographic distance (isolation by
distance, Wright 1943). This method calculates
Gst, which is the multiallelic form of Fst (Hartl
and Clark 1989). From this, the log number of
effective migrants (Nm) per generation was
calculated and regressed against the log geographic distances between all pairs of collection sites for each species. The simultaneous
test procedure (Sokal and Rohlf 1981) was
used to assess homogeneity among populations for E. carunculatum. The most variable
loci were used in this analysis. A constant critical value of χ20.05[5] = 11.070 was used for
these heterogeneity tests (Sokal and Rohlf
1981). A sequential Bonferroni analysis was
used as a control for type I error (Rice 1989).

TABLE 1. Loci, enzymes, enzyme commission numbers, and electrophoretic buffers used to assay Sympetrum corruptum
and Enallagma carunculatum.
Loci

Enzyme

AAT2
AK2
DIA1,2
ESTF1,2
G3P1,2

Aspartate aminotransferase
Adenylate kinase
NADH diaphorase
Fluorescent esterase
Glycerol-3-phosphate dehydrogenase
Fluorescent galactosaminidase
Glyceraldehyde-3-phosphate dehydrogenase
General protein
Glucosephosphate isomerase
Fluorescent hexosaminase
Hydroxybuterate dehydrogenase
Isocitrate dehydrogenase-NAD
Leucine aminopeptidase
Lactate dehydrogenase
Malate dehydrogenase
Mannosephosphate isomerase
Peptidase-leu-gly-gly
Phosphogluconate dehydrogenase
Phosphoglucomutase
Superoxide dismutase

GAM1
GAPDH1,2
GP2
GPI1,2
HA1
HBDH1,2
IDH1
LAP2
LDH2
MDH2
MPI1,2
PEP1,2
PGD1
PGM1,2
SOD2

1Enallagma carunculatum
2Sympetrum corruptum
3Selander et al. (1971) and May (1992)

E.C. number

Buffers3

2.6.1.1
2.7.4.3
1.8.1.3.1.1.1.1.1.8
3.2.1.23
1.2.1.12
-.-.-.5.3.1.9
3.2.1.52
1.1.1.30
1.1.1.42
3.4.11.1
1.1.1.27
1.1.1.37
5.3.1.8
3.4.-.1.1.1.43
5.4.2.2
1.1.15.1

C
C
C,R
R, 4
C, 4
R
C
4, R
4
R
TC-1, R
TC-1
R
R
4
TC-1, 4
4, R
4, C
TC-1, 4
4
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RESULTS
Sympetrum corruptum

Twenty-eight loci were resolved for Sympetrum corruptum. Frequency of polymorphic
loci was high. Using the 99% criterion (frequency of the most common allele does not
exceed 99%), we found the mean percentage
of polymorphic loci to be 24.5% (range
14.3–35.7%). Using the 95% criterion resulted
in a mean percent polymorphism of 7.1%. Mean
number of alleles per locus was 1.32, and
mean heterozygosity was 2.3% (range 2.0–2.7%;
Table 2).
Mean heterozygosity was used to determine
deviations from expected Hardy-Weinberg
values in a contingency table. Of 48 tests for
conformity to Hardy-Weinberg expectations,
12 (25%) significant departures were found
using Levene’s test (1949). All deviations were
heterozygote deficiencies. We detected no
apparent trends for specific loci or specific
populations with high numbers of deficient
loci.
After using a sequential Bonferroni to control type I error, we found no significant heterogeneity in allele frequencies among locations for any loci.
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Fixation indices were low, suggesting high
levels of gene flow. Theta was estimated at
0.0485 with a 95% confidence interval of
0.0028–0.0698. Fit was 0.259. Nei’s genetic
distances (Table 4) were extremely low, with
some populations showing no differentiation.
An analysis for isolation by distance (Wright
1943) was conducted using an approach introduced by Slatkin (1993). The slope of the
regression was nearly zero (–0.013; Fig. 2A),
showing very little evidence for isolation by
distance. Additionally, Nm values were very
high (Table 5), indicating very high levels of
gene flow, or effective panmixia (Slatkin 1993).
The simultaneous test procedure (Sokal
and Rohlf 1981) grouped all populations from
all Lahontan subbasins and outside basins into
1 homogeneous group (G = 11.08, df = 4, P
= 0.103). This analysis was based on the
ESTF-2 locus.
Enallagma carunculatum
Nineteen loci were resolved for Enallagma
carunculatum. Frequency of polymorphic loci
was higher than Sympetrum corruptum. Using
the 99% criterion, mean percentage of polymorphic loci was 68.5% (range 57.9–78.9%).
Using the 95% criterion, mean percentage of

TABLE 2. Mean sample sizes, mean number of alleles per locus, percentages of polymorphic loci, mean heterozygosity
(direct count), and expected Hardy-Weinberg heterozygosity for Sympetrum corruptum and Enallagma carunculatum.

Population
Sympetrum corruptum
Artesia Lake
Pine Reservoir
Washoe Lake
Rye Patch Reservoir
Sutcliffe Pond
Mason Valley
Fleming Management Area

Mean sample
size per locus

Mean no. of
alleles per
locus

Percentage of loci
polymorphic
(99% criterion)

Mean
heterozygosity
(direct count)

Hardy-Weinberg
expected
heterozygosity

26.4 ± 1.1
43.5 ± 0.5
22.0 ± 0.8
32.3 ± 0.6
31.8 ± 0.1
31.6 ± 0.2
26.6 ± 1.5

1.2 ± 0.1
1.4 ± 0.1
1.3 ± 0.1
1.4 ± 0.1
1.3 ± 0.1
1.3 ± 0.1
1.3 ± 0.1

14.3
28.6
28.6
35.7
21.4
17.9
25.0

0.021 ± 0.014
0.025 ± 0.014
0.024 ± 0.014
0.021 ± 0.010
0.020 ± 0.012
0.027 ± 0.020
0.021 ± 0.016

0.029 ± 0.016
0.030 ± 0.017
0.031 ± 0.015
0.022 ± 0.011
0.023 ± 0.011
0.026 ± 0.017
0.048 ± 0.025

1.32

24.8

0.023

0.030

1.9 ± 0.2
2.4 ± 0.2
2.1 ± 0.2
2.1 ± 0.2
2.5 ± 0.3
1.8 ± 0.2
2.0 ± 0.2
1.9 ± 0.2

57.9
78.9
68.4
68.4
78.9
57.9
68.4
63.2

0.101 ± 0.033
0.092 ± 0.024
0.077 ± 0.022
0.076 ± 0.028
0.114 ± 0.034
0.106 ± 0.029
0.121 ± 0.037
0.082 ± 0.027

0.108 ± 0.033
0.116 ± 0.028
0.092 ± 0.025
0.105 ± 0.028
0.144 ± 0.034
0.135 ± 0.035
0.152 ± 0.038
0.124 ± 0.032

2.11

68.5

0.095

0.122

OVERALL MEANS
Enallagma carunculatum
Sutcliffe Pond
Pine Reservoir
Taylor Ditch
Guru Pond
Fleming Management Area
Oxbow Pond
Little Washoe
Mason Valley
OVERALL MEANS

26.4 ± 1.4
31.8 ± 0.9
38.2 ± 0.7
29.3 ± 0.3
28.0 ± 0.5
19.4 ± 0.5
28.9 ± 0.7
23.0 ± 2.3
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Fig. 2: A, Regression of log pairwise estimates of dispersal (Nm) against log pairwise geographic distances for
Sympetrum corruptum in the Lahontan Basin, NV. Regression equation: Y = 1.184 * X – 0.013. B, Regression of log
pairwise estimates of dispersal (Nm) against log pairwise
geographic distances for Enallagma carunculatum in the
Lahontan Basin, NV. Regression equation: Y = 1.481 * X
– 0.220.

polymorphic loci was 44.9%. Mean number of
alleles per locus was 2.11. Mean heterozygosity was 9.5% (range 7.6–12.1%; Table 2).
Mean heterozygosity was used to determine deviations from expected Hardy-Weinberg values in a contingency table. Of 103
tests for conformity to Hardy-Weinberg expectations, 24 (23.3%) significant departures were
found using Levene’s test (1949). All deviations were heterozygote deficiencies. No
apparent trends were detected for specific loci
or specific populations with high numbers of
deficient loci.
After using sequential Bonferroni tests to
correct for type I error (Rice 1989), we used
contingency chi-square tests for heterogeneity
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among locations. These tests showed that allele
frequencies from at least 1 site differed significantly from the others at 3 of 18 polymorphic
loci (Table 3).
Fixation indices were low, suggesting high
levels of gene flow. Theta was estimated at
0.0604 with a 95% confidence interval of
0.0184–0.0977. Fit was 0.232. Nei’s genetic
distances (Table 4) were extremely low, with
some populations showing virtually no differentiation.
Isolation by distance analysis (Slatkin 1993)
yielded a regression slope of –0.220 (Fig. 2B),
again showing little evidence for isolation by
distance. Nm values were very high (Table 5),
indicating effective panmixia (Slatkin 1993).
The simultaneous test procedure (Sokal and
Rohlf 1981) grouped all populations from all
Lahontan subbasins and outside basins into 1
homogenous group, based on ESTF-1 locus (G
= 0.94, df = 5, P = 0.97) and the GAM-1 locus
(G = 11.92, df = 5, P = 0.18). Analyses using
HA-1 showed homogeneity among all populations within the Lahontan Basin (G = 13.34,
df = 5, P = 0.08), but were significantly heterogeneous (G = 29.85, df = 5, P = 0.001) compared to populations from other pluvial basins
(Little Washoe Lake and Oxbow Geothermal
Pond).
DISCUSSION
Overall levels of genetic variation were low
for both the dragonfly, Sympetrum corruptum,
and the damselfly, Enallagma carunculatum.
Heterozygosity, polymorphism, and theta values were fairly low compared to other insects
(Hartl and Clark 1989), although the damselfly
showed more variability than the dragonfly.
This is in contrast to all other studies of Great
Basin insects, which have revealed higher levels of genetic variation (Britten et al. 1994,
1995, Porter and Rust 1996, Epps et al. 1998).
Because S. corruptum is migratory, we did not
expect its populations to be very differentiated.
However, E. carunculatum is a weak flier, and
other species in the genus Enallagma are extremely philopatric (McPeek 1989), so it is initially surprising that so little genetic structure
was found.
Other studies have shown that size and
mobility are not necessarily good predictors of
the scale at which organisms’ distribution and
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TABLE 3. Loci showing significant heterogeneity for Enallagma carunculatum populations.
Locus
HA-01
HBDH1
GPI-2

No. of
alleles

Chi-square

df

P

3
4
3

84.826
47.360
50.071

14
21
14

0.00000
0.00084
0.00001

genetic differentiation occur. Corals differ dramatically in gene flow, depending upon the
mode of larval dispersal (Hellberg 1996). Moose
(Alces alces) are large and wide ranging, yet
exhibit very structured genetic differences on
the order of a few kilometers (Chesser et al
1981). Salmon (Salmonidae), also very wide
ranging, are extremely philopatric and genetically differentiated (Allendorf and Waples
1996). Jackson and Resh (1992) hypothesized
that aquatic insects with broad geographic
ranges and high local abundances would exhibit high levels of gene flow. However, their
data did not support their predictions.
Though there was little difference in genetic
structure between the 2 species, we did weakly
support the expectation of greater structure in
the damselfly than in the dragonfly. Enallagma
carunculatum showed significant heterogeneity
at 3 loci (HA-01, HBDH1, GPI-1). Based upon
the simultaneous test procedure, geographic
distribution of alleles of the HA-01 locus in E.
carunculatum was homogeneous among all
locations within the Lake Lahontan Basin.
However, locations within this basin did differ
significantly from locations in other pluvial
basins. Sympetrum corruptum showed no significant heterogeneity. The damselfly also had
a greater regression slope in isolation by distance analyses than S. corruptum, though neither slope was significantly different from zero
(Figs. 2A, B). In contrast, E. carunculatum also
had higher heterozygosity levels and greater
polymorphism than S. corruptum (Table 2). Mean
heterozygosity levels for both species were
within ranges found for other insects (Nevo
1978, Brussard et al. 1985), though Chung et
al. (1997) found much higher heterozygosity
for Sympetrum darwinianum and S. eroticum
eroticum.
Both S. corruptum and E. carunculatum deviated from Hardy-Weinberg expectations at
several loci; all departures were caused by
heterozygote deficiencies. Other studies have
found large heterozygote deficiencies in insect

populations both within the Great Basin (Porter
and Rust 1996) and elsewhere (Higby et al.
1982, Wellso et al. 1988), so this trend may not
be particularly unusual in insects. Still, heterozygote deficiencies may be attributable to
the Wahlund effect, undetected null alleles
(Hartl and Clark 1989), inbreeding, or scoring
error. Because we obtained high band resolution, scoring error is unlikely. We cannot rule
out inbreeding. One way to assess this possibility further is to sample at a finer scale,
using more variable molecular markers.
Low theta values could indicate high gene
flow among populations. The scarcity and
ephemerality of much of the aquatic habitat
within the Great Basin make this region of
comparatively poor quality for aquatic organisms. Dobzhansky et al. (1979) showed that
Drosophila pseudoobscura living in unfavorable habitat move greater distances than those
occurring in favorable areas. In fact, colonization and extinction may be the principal modes
of gene flow for some species (Slatkin 1985).
Enallagma carunculatum, which is an ecological generalist, may be able to move long distances in a “stepping stone” fashion by stopping
at intermediate water bodies before reaching
its breeding location. These long-distance dispersal capabilities may make odonate movement analogous to bird movement ( Johnson
1975) within the Great Basin. Therefore, ecological factors may strongly influence the
genetic structure of these species. Britten et
al. (1995) also determined that ecological and
mobility factors are both important in the distribution of the butterfly Euphydryas editha in
the Great Basin, though the ecological limits
resulted in high genetic differentiation among
populations of this species.
An explanation for the lack of population
structure, especially in the dragonfly species,
may be that neither species’ populations have
reached equilibrium between genetic drift
and gene flow, or that they have gone through
one or more bottlenecks. While odonates
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TABLE 4. Nei’s (1978) genetic distances for Sympetrum corruptum and Enallagma carunculatum.
Population
Sympetrum corruptum
Artesia Lake
Pine Reservoir
Little Washoe Lake
Rye Patch Reservoir
Sutcliffe Pond
Mason Valley
Fleming Management Area

2

3

4

5

6

7

0.000

0.000
0.000

0.000
0.000
0.000

0.001
0.001
0.000
0.000

0.000
0.000
0.000
0.000
0.001

0.003
0.001
0.002
0.003
0.004
0.002

Population
Enallagma carunculatum
Sutcliffe Pond
Pine Reservoir
Taylor Ditch
Guru Pond
Fleming Management Area
Oxbow Pond
Little Washoe Lake
Mason Valley

2

3

4

5

6

7

8

0.007

0.001
0.004

0.004
0.003
0.001

0.002
0.001
0.002
0.001

0.008
0.000
0.005
0.005
0.001

0.016
0.004
0.013
0.010
0.005
0.002

0.002
0.003
0.004
0.006
0.001
0.003
0.008

TABLE 5. Number of effective migrants (Nm) above the diagonal, and linear distance in km below the diagonal for
Sympetrum corruptum and Enallagma carunculatum.
Population
Sympetrum corruptum
Artesia Lake
Pine Reservoir
Little Washoe Lake
Rye Patch Reservoir
Sutcliffe Pond
Mason Valley
Fleming Management Area
Population
Enallagma carunculatum
Sutcliffe Pond
Pine Reservoir
Taylor Ditch
Guru Pond
Fleming Management Area
Oxbow Pond
Little Washoe Lake
Mason Valley

1

2

3

4

5

6

7

***
71.0
57.8
194.0
114.7
28.9
178.7

6.74
***
91.6
130.9
100.4
42.6
176.3

11.20
3.81
***
180.3
71.1
64.9
123.3

36.47
18.16
4.26
***
125.3
168.9
171.6

33.21
20.28
21.33
6.54
***
104.9
76.1

23.08
21.42
12.77
71.21
8.35
***
176.3

21.65
18.18
20.55
10.51
14.92
5.37
***

1
***
100.4
100.5
94.1
76.1
136.2
71.1
104.9

2
7.00
***
100.8
168.2
176.3
84.6
91.6
42.6

3

4

5

6

7

8

13.88
11.47
***
96.7
156.7
56.2
151.1
137.9

16.13
10.09
17.11
***
91.2
152.7
165.4
189.8

17.37
8.53
5.63
7.53
***
202.8
123.3
176.3

21.18
14.84
7.92
4.43
8.57
***
164.3
126.8

10.27
13.18
21.67
29.58
11.25
11.14
***
64.9

6.16
16.55
9.39
12.14
5.94
3.70
11.71
***

probably originally colonized Lake Lahontan
more than 35,000 yr ago when water was plentiful, the Great Basin has been very arid with
largely ephemeral water sources since the end
of the Pleistocene (approximately 10,000 YBP).
Because their larval stages are completely
aquatic, odonate populations probably cannot
persist when bodies of water dry up for any
length of time. Therefore, many habitats must

be recolonized, or “rescued,” by immigration
(Brown and Kodric-Brown 1977) after periods
of drought. This scenario involves frequent
founder and rescue events that facilitate gene
flow and commonly leave populations in a state
of disequilibrium (Slatkin 1987, Boileau et al.
1992).
All deviations from Hardy-Weinberg equilibrium for both species were heterozygote
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deficiencies, suggesting within-population inbreeding. The high Nm values for both species
and lack of evidence of isolation by distance
also suggest that these species are recent colonizers (Slatkin 1993). This further supports the
possibility that ephemeral conditions dictate
frequent founder events and population bottlenecks. Without knowing the duration of
these bottlenecks or the effective population
sizes of the founding groups, it is difficult to
determine the impact of these events. However, both the lack of allelic diversity and the
heterozygote deficiencies seen in the 2 species
may indicate that these events occurred.
Differences in heterozygosity and polymorphism levels between the 2 species are difficult to interpret, given what is understood
about their natural histories. The migratory
dragonfly, which seems to be very vagile, had
lower variability than the supposedly sedentary damselfly. The 2 species may be affected
by different constraints operating either historically or recently. For example, a severe
bottleneck that reduced dragonfly variability
in an ancestral population could result in low
variability now despite high vagility. It is also
possible that the damselfly is much more vagile
than we expected, especially in wet conditions.
Its natural history in arid regions is not well
known; its abundance and occurrence at ecologically diverse habitats suggest that it may
be a much better disperser than its weak flight
capabilities seem to indicate.
At the onset of this study, we hypothesized
that apparently differing mobilities would significantly affect gene flow, and that physiographic sills surrounding isolated basin habitats would act as barriers to odonate dispersal.
While there was evidence of greater genetic
structure in Enallagma carunculatum than in
Sympetrum corruptum, our results did not overwhelmingly support these hypotheses. With
little structure and no evidence for isolation by
distance, extinction and recolonization occurring in a variable and often unfavorable habitat seem likely. This would result in a lack of
equilibrium between migration and drift. Additionally, high Fit and rather low heterozygosity
suggest that within-population inbreeding has
been occurring. This implies possible bottlenecks or isolation of subpopulations. Further
study, perhaps using more sensitive molecular
markers, can assess within-population inbreeding more completely.
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APPENDIX. Allele frequencies at polymorphic loci in Sympetrum corruptum populations. Sample sizes are in parentheses. Populations are coded as follows: (1) Artesia Lake, (2) Stillwater, (3) Washoe Lake, (4) Rye Patch Reservoir, (5) Sutcliffe Pond, (6) Walker Basin, and (7) Honey Lake.

Locus

Population
____________________________________________________________________________________
1
2
3
4
5
6
7

AK-01
B
C
D
AK-02
C
D
AAT-1
C
D
HBDH1
B
C
D
LAP-1
B
C
LAP-2
B
C
PGM-3
B
C
PRO-4
B
C
PRO-6
C
D
LDH-1
B
C
D
EST-1
C
D
EST-2
A
B
C
D
EST-3
B
C
GPI-1
B
C
D
MDH-1
C
D
MDH-2
C
D

(29)
0.000
1.000
0.000
(27)
1.000
0.000
(29)
1.000
0.000
(29)
0.000
1.000
0.000
(29)
0.000
1.000
(29)
0.000
1.000
(26)
0.000
1.000
(29)
0.000
1.000
(9)
1.000
0.000
(23)
0.000
1.000
0.000
(29)
1.000
0.000
(29)
0.000
0.017
0.741
0.241
(29)
0.000
1.000
(23)
0.000
1.000
0.000
(29)
0.966
0.034
(29)
1.000
0.000

(45)
0.000
1.000
0.000
(44)
1.000
0.000
(45)
0.989
0.011
(44)
0.000
0.989
0.011
(45)
0.000
1.000
(42)
0.048
0.952
(32)
0.000
1.000
(42)
0.000
1.000
(40)
1.000
0.000
(44)
0.000
1.000
0.000
(45)
1.000
0.000
(45)
0.000
0.033
0.689
0.278
(45)
0.000
1.000
(45)
0.011
0.933
0.056
(45)
1.000
0.000
(45)
1.000
0.000

(24)
0.000
1.000
0.000
(9)
1.000
0.000
(24)
0.979
0.021
(24)
0.021
0.979
0.000
(23)
0.000
1.000
(19)
0.000
1.000
(23)
0.000
1.000
(22)
0.000
1.000
(14)
1.000
0.000
(23)
0.043
0.957
0.000
(24)
0.958
0.042
(24)
0.000
0.083
0.750
0.167
(24)
0.021
0.979
(24)
0.000
0.958
0.042
(24)
1.000
0.000
(24)
1.000
0.000

(34)
0.015
0.985
0.000
(26)
0.981
0.019
(34)
0.985
0.015
(34)
0.015
0.985
0.000
(34)
0.015
0.985
(34)
0.000
1.000
(34)
0.000
1.000
(34)
0.000
1.000
(34)
1.000
0.000
(34)
0.000
1.000
0.000
(34)
1.000
0.000
(34)
0.000
0.000
0.809
0.191
(34)
0.015
0.985
(34)
0.000
0.971
0.029
(34)
1.000
0.000
(34)
1.000
0.000

(32)
0.031
0.953
0.016
(32)
1.000
0.000
(32)
1.000
0.000
(32)
0.000
1.000
0.000
(31)
0.000
1.000
(30)
0.000
1.000
(32)
0.016
0.984
(32)
0.000
1.000
(32)
1.000
0.000
(32)
0.000
1.000
0.000
(32)
1.000
0.000
(32)
0.000
0.016
0.844
0.141
(32)
0.000
1.000
(32)
0.000
0.922
0.078
(32)
0.969
0.031
(32)
1.000
0.000

(32)
0.000
1.000
0.000
(32)
1.000
0.000
(31)
0.984
0.016
(31)
0.000
1.000
0.000
(31)
0.000
1.000
(32)
0.000
1.000
(32)
0.000
1.000
(32)
0.000
1.000
(32)
0.969
0.031
(32)
0.000
0.984
0.016
(32)
1.000
0.000
(32)
0.016
0.031
0.672
0.281
(32)
0.000
1.000
(32)
0.000
0.938
0.063
(32)
1.000
0.000
(32)
1.000
0.000

(30)
0.000
1.000
0.000
(4)
1.000
0.000
(30)
1.000
0.000
(30)
0.000
1.000
0.000
(30)
0.000
1.000
(7)
0.143
0.857
(30)
0.000
1.000
(25)
0.040
0.960
(30)
1.000
0.000
(30)
0.033
0.967
0.000
(30)
1.000
0.000
(30)
0.017
0.267
0.500
0.217
(30)
0.000
1.000
(30)
0.000
0.950
0.050
(30)
1.000
0.000
(30)
0.967
0.033
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APPENDIX. Continued

Locus

Population
____________________________________________________________________________________
1
2
3
4
5
6
7

MPI-1
B
C
D
MPI-2
B
C
DIA-2
B
C
D
E

(29)
0.000
0.914
0.086
(29)
0.000
1.000
(29)
0.052
0.897
0.052
0.000

(45)
0.011
0.978
0.011
(45)
0.011
0.989
(44)
0.000
0.966
0.023
0.011

(24)
0.000
0.958
0.042
(11)
0.000
1.000
(24)
0.000
1.000
0.000
0.000

(28)
0.000
0.982
0.018
(24)
0.000
1.000
(28)
0.018
0.982
0.000
0.000

(32)
0.000
1.000
0.000
(31)
0.016
0.984
(32)
0.000
1.000
0.000
0.000

(32)
0.000
1.000
0.000
(32)
0.000
1.000
(31)
0.000
1.000
0.000
0.000

(30)
0.000
1.000
0.000
(30)
0.000
1.000
(30)
0.067
0.933
0.000
0.000

Allele frequencies in polymorphic loci in Enallagma carunculatum populations. Sample sizes are in parentheses. Populations are coded as follows: (1) Sutcliffe Pond, (2) Pine Reservoir, (3) Taylor Ditch, (4) Guru Pond, (5) Fleming Management Area, (6) Oxbow Pond, (7) Little Washoe Lake, and (8) Mason Valley.

Locus

Population
________________________________________________________________________________________
1
2
3
4
5
6
7
8

HA-01
B
C
D
HA-02
B
C
EST-1
A
B
C
D
E
EST-2
B
C
D
GAM-2
A
B
C
D
IDH-1
B
C
D
MPI-1
A
B
C
D
E
MPI-2
B
C
D

(31)
0.000
0.968
0.032
(31)
0.016
0.984
(31)
0.000
0.000
0.952
0.032
0.016
(30)
0.050
0.950
0.000
(30)
0.033
0.067
0.900
0.000
(31)
0.000
1.000
0.000
(31)
0.016
0.032
0.871
0.081
0.000
(29)
0.000
1.000
0.000

(33)
0.000
0.712
0.288
(34)
0.088
0.912
(34)
0.029
0.029
0.912
0.015
0.015
(34)
0.044
0.956
0.000
(33)
0.061
0.030
0.909
0.000
(34)
0.015
0.971
0.015
(34)
0.015
0.015
0.912
0.059
0.000
(34)
0.000
0.985
0.015

(39)
0.000
0.962
0.038
(39)
0.000
1.000
(39)
0.000
0.038
0.962
0.000
0.000
(39)
0.013
0.987
0.000
(39)
0.000
0.077
0.897
0.026
(39)
0.000
0.987
0.013
(39)
0.013
0.077
0.859
0.051
0.000
(39)
0.000
1.000
0.000

(27)
0.056
0.889
0.056
(28)
0.071
0.929
(30)
0.000
0.033
0.933
0.033
0.000
(30)
0.000
1.000
0.000
(28)
0.018
0.089
0.893
0.000
(30)
0.000
0.983
0.017
(30)
0.000
0.000
0.983
0.017
0.000
(30)
0.000
0.983
0.017

(26)
0.077
0.731
0.192
(25)
0.020
0.980
(30)
0.000
0.017
0.917
0.050
0.017
(29)
0.000
1.000
0.000
(25)
0.100
0.020
0.860
0.020
(29)
0.017
0.983
0.000
(27)
0.000
0.037
0.907
0.037
0.019
(27)
0.019
0.981
0.000

(24)
0.000
0.708
0.292
(19)
0.079
0.921
(20)
0.000
0.050
0.900
0.025
0.025
(20)
0.075
0.925
0.000
(20)
0.125
0.100
0.775
0.000
(20)
0.025
0.950
0.025
(20)
0.000
0.050
0.875
0.075
0.000
(20)
0.000
1.000
0.000

(30)
0.000
0.550
0.450
(30)
0.033
0.967
(30)
0.000
0.050
0.933
0.017
0.000
(30)
0.000
0.917
0.083
(30)
0.033
0.200
0.767
0.000
(30)
0.033
0.967
0.000
(29)
0.000
0.052
0.914
0.034
0.000
(24)
0.021
0.979
0.000

(8)
0.000
0.750
0.250
(8)
0.000
1.000
(29)
0.000
0.017
0.948
0.017
0.017
(30)
0.033
0.967
0.000
(30)
0.117
0.050
0.833
0.000
(25)
0.000
0.920
0.080
(26)
0.000
0.038
0.865
0.096
0.000
(24)
0.000
1.000
0.000
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Locus
PGM-2
B
C
D
HBDH1
B
C
D
E
PGD-2
A
B
C
D
G3P-1
B
C
GAPDH
B
C
DIA-1
A
B
C
D
E
DIA-2
B
C
D
PGD-1
A
B
C
D
PEP-1
B
C
D
GPI-1
A
B
C

Population
____________________________________________________________________________________
1
2
3
4
5
6
7
(31)
0.000
0.984
0.016
(31)
0.000
1.000
0.000
0.000
(10)
0.000
0.250
0.750
0.000
(31)
0.000
1.000
(24)
0.000
1.000
(24)
0.000
0.063
0.917
0.021
0.000
(19)
0.000
1.000
0.000
(21)
0.000
0.000
1.000
0.000
(27)
0.093
0.852
0.056
(18)
0.111
0.194
0.694

(34)
0.015
0.971
0.015
(34)
0.029
0.971
0.000
0.000
(34)
0.015
0.279
0.706
0.000
(34)
0.000
1.000
(33)
0.000
1.000
(31)
0.000
0.016
0.935
0.048
0.000
(29)
0.000
0.966
0.034
(28)
0.036
0.000
0.929
0.036
(33)
0.000
0.970
0.030
(20)
0.000
0.000
1.000

(39)
0.000
0.962
0.038
(39)
0.000
1.000
0.000
0.000
(39)
0.000
0.269
0.731
0.000
(39)
0.000
1.000
(39)
0.000
1.000
(39)
0.026
0.051
0.885
0.038
0.000
(38)
0.000
0.974
0.026
(39)
0.013
0.013
0.974
0.000
(39)
0.026
0.897
0.077
(39)
0.000
0.064
0.936

(30)
0.000
1.000
0.000
(30)
0.000
0.917
0.067
0.017
(30)
0.017
0.300
0.683
0.000
(30)
0.000
1.000
(30)
0.000
1.000
(29)
0.017
0.021
0.828
0.034
0.000
(30)
0.000
1.000
0.000
(27)
0.000
0.074
0.926
0.000
(27)
0.037
0.944
0.019
(30)
0.000
0.033
0.967

(30)
0.017
0.983
0.000
(30)
0.000
1.000
0.000
0.000
(28)
0.036
0.286
0.661
0.018
(30)
0.017
0.983
(29)
0.000
1.000
(30)
0.000
0.067
0.850
0.067
0.017
(30)
0.017
0.950
0.033
(24)
0.042
0.063
0.896
0.000
(29)
0.000
0.897
0.103
(28)
0.054
0.107
0.839

(20)
0.000
1.000
0.000
(20)
0.000
1.000
0.000
0.000
(20)
0.000
0.325
0.675
0.000
(20)
0.000
1.000
(20)
0.000
1.000
(19)
0.000
0.000
1.000
0.000
0.000
(19)
0.000
0.868
0.132
(12)
0.000
0.000
0.917
0.083
(20)
0.000
1.000
0.000
(18)
0.000
0.056
0.944

(30)
0.000
1.000
0.000
(30)
0.000
1.000
0.000
0.000
(30)
0.017
0.300
0.683
0.000
(30)
0.000
1.000
(30)
0.000
1.000
(29)
0.000
0.121
0.810
0.069
0.000
(30)
0.000
0.933
0.067
(29)
0.000
0.017
0.776
0.207
(30)
0.000
1.000
0.000
(30)
0.000
0.067
0.933

(30)
0.000
1.000
0.000
(30)
0.033
0.967
0.000
0.000
(29)
0.000
0.190
0.810
0.000
(30)
0.050
0.950
(30)
0.033
0.967
(30)
0.000
0.033
0.917
0.050
0.000
(30)
0.000
1.000
0.000
(1)
0.000
0.000
1.000
0.000
(6)
0.000
1.000
0.000
(29)
0.034
0.224
0.741
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LAHONTAN CUTTHROAT TROUT (ONCORHYNCHUS CLARKI HENSHAWI)
SPAWNING AND DOWNSTREAM MIGRATION OF JUVENILES
INTO SUMMIT LAKE, NEVADA
Gary L. Vinyard1,2 and Alice Winzeler1,3
ABSTRACT.—The only remaining self-sustaining native population of lacustrine Lahontan cutthroat trout (Oncorhynchus clarki henshawi) not affected by nonnative salmonids is in Summit Lake, Humboldt County, Nevada. Annual
spawning runs in 1993 and 1994 were monitored at a fish trap on Mahogany Creek, the only spawning tributary for
Summit Lake. Number of spawners was similar in both years, with 1290 upstream migrants observed in 1993 and 1255
in 1994. In 1993, 137 postspawners (10.6% of upstream migrants) returned to the lake, and in 1994, 434 postspawners
(34.6% of upstream migrants) returned downstream through the fish trap. Two distinct groups of subadult Lahontan cutthroat trout were observed moving downstream in 1994. The first group passed downstream between 27 April and 29
July and included 1188 fish (average fork length = 90 mm). Between 1 August and 31 October, 1160 fish (average fork
length = 42 mm) moved downstream. Size differences of these 2 groups suggest that the 1st group comprised fish that
had overwintered in Mahogany Creek, while the 2nd group were probably young-of-the-year.
Key words: Lahontan cutthroat trout, Oncorhynchus clarki henshawi, Mahogany Creek, migration, Nevada, spawning,
Summit Lake.

Until relatively recent times, Lahontan cutthroat trout (Oncorhynchus clarki henshawi)
was widespread and abundant in the northwestern American Great Basin of northern
Nevada, northeastern California, and southeastern Oregon (Behnke 1992). The fish has
been present in the area perhaps since midPleistocene or Pliocene (Taylor and Smith 1981).
Its range presumably expanded and contracted
with regional climatic changes (Benson 1978,
Benson and Thompson 1987, Grayson 1994),
but when Europeans colonized the area it was
found in most suitable waters (LaRivers 1962).
Since the late 19th century, however, its range
has declined substantially. Lahontan cutthroat
trout has been nearly eliminated from former
habitats in the western Great Basin and persists only in relatively small, isolated populations. It now occupies about 10% of former
fluvial habitat and <1% of former lacustrine
habitat (Coffin and Cowan 1995); it is federally
listed as threatened (U.S. Office of the Federal
Register 40[1975]:29864). The population of
Lahontan cutthroat trout in Summit Lake, Humboldt County, Nevada, comprises the single
secure lacustrine population remaining in native
range (Coffin and Cowan 1995). Protection of

this population is considered essential for
recovery (Coffin and Cowan 1995), and this
population has long been recognized as a valuable resource (LaRivers 1962). Behnke (1992)
considers the native cutthroat trout from Humboldt Basin to comprise a separate subspecies
from fish in other tributaries to pluvial Lake
Lahontan (i.e., Truckee, Carson, and Walker
rivers), but this determination has not been
formally recognized.
Summit Lake formed in a relatively small,
shallow basin (maximum depth ± 12 m) with
no outlet (Fig. 1). The basin was formed
8000–19,000 yr ago (Mifflin and Wheat 1979,
Curry and Melhorn 1990) by a landslide that
blocked a channel south into Blackrock Basin.
This effectively reversed the drainage pattern
so that overflow from the lake should drain
north into the Alvord Basin, although this has
not been observed (LaRivers 1962, Curry and
Melhorn 1990). All shoreline of Summit Lake
except a small private inholding is contained
within Summit Lake Paiute Reservation, established in 1913 (LaRivers 1962). Cutthroat trout
comprises an important resource for Summit
Lake Paiute Tribe, and preservation of the fish
has been a primary concern of the tribal fisheries program (Cowan 1990).

1Department of Biology, University of Nevada–Reno, Reno, NV 89557.
2Deceased.
3Present address: 879 Daniel Drive, Reno, NV 89509.
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Fig. 1. Map of Summit Lake and Mahogany Creek, Nevada, the sole spawning tributary for Oncorhynchus clarki henshawi in the lake. Summit Lake Paiute Reservation encloses most of Summit Lake and the lower reaches of Mahogany
Creek, Nevada. Site of the fish trap is approximately 2 km upstream from the lake within the reservation.

Mahogany Creek is the only tributary stream
entering Summit Lake that supports reproduction by Lahontan cutthroat trout (LaRivers
1962). Mahogany Creek arises on public land
administered by the U.S. Bureau of Land
Management (BLM). It enters the reservation
approximately 4.5 km upstream from the lake.
Most gravel substrates suitable for trout
spawning are on BLM land.
During the last 50 yr, range and riparian
areas surrounding Mahogany Creek often
have been intensively grazed. Destruction of
much riparian habitat occurred before 1970
(Chaney et al. 1990). In 1974 a grazing exclosure was established on the BLM portion of
Mahogany Creek, and the stream has recovered
substantially (Chaney et al. 1990). Between
1968 and 1984 approximately 18 million eggs
were taken from Summit Lake Lahontan cutthroat trout ascending Mahogany Creek for
spawning, and approximately 968,000 fingerlings were stocked into the lake, comprising
approximately 5% of the eggs taken (Cowan
1990). Additional concern was generated by

the unauthorized introduction of nonnative
minnnows (Lahontan redside, Richardsonius
egregius, and speckled dace, Rhinichthys osculus) into the lake. Lahontan redside became
abundant by the early 1980s, and it was unknown whether it might adversely affect spawning success of Lahontan cutthroat trout ( Jack
Piccolo personal communication). Cutthroat
trout spawning runs declined, and by the mid1980s there was considerable concern about
its status and future prospects. Approximately
500 spawners were observed in Mahogany
Creek in 1992 (Jack Piccolo unpublished data).
Because of apparent reductions in Lahontan
cutthroat trout in Summit Lake, and because
there are no published studies of Lahontan cutthroat trout spawning runs, we initiated a study
of the adult Lahontan cutthroat trout run in
Mahogany Creek during 1993 and 1994. We
monitored adult fish movement upstream and
downstream during the spawning season in
both years and movement of juvenile fish downstream after spawning in 1994. Our study had
3 primary foci: to (1) thoroughly document
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timing and magnitude of spawning migrations
of Summit Lake Lahontan cutthroat trout, (2)
monitor the return of postspawning fish into
Summit Lake to assess spawner mortality, and
(3) examine downstream migration of juvenile
fish into Summit Lake to assess recruitment
success from the stream. Current recovery
efforts for Lahontan cutthroat trout (Coffin and
Cowan 1995) point out a lack of adequate data
to assess population conditions in most native
populations of Lahontan cutthroat trout. They
also identify the Summit Lake population as
vulnerable to extirpation because of its small
size. Our study contributes to understanding
population characteristics of an important population of Lahontan cutthroat trout and may be
useful in effecting its recovery (Coffin and
Cowan 1995).
METHODS AND MATERIALS
Summit Lake Paiute Tribe’s fish trap on
Mahogany Creek (Fig. 1) blocks the entire
flow and allows selective retention of fish of
various sizes by inserting different mesh
screens into the structure. Virtually all suitable
gravel substrates for trout spawning are upstream from the trap. Consequently, the trap
permits examination of both up- and downstream passage of spawning adults and downstream movements of juveniles. The fish trap
was operated in 1993 from 2 April through 6
June and from 27 July through 4 November.
Operation in 1994 was nearly continuous from
3 April through 31 October. The trap was
checked 2 or more times daily during the
spawning run and daily otherwise.
After adult fish were captured, we weighed
(nearest g) and measured (fork length [FL],
nearest mm) them and determined their sex.
Upstream adult migrants in 1994 were tagged
in the transparent tissues behind the eye using
visible implant tags (Northwest Marine Technologies, Shaw Island, WA) for subsequent
identification. Nonspawning subadult fish (FL
<200 mm) moving downstream through the
fish trap were counted, measured, tagged with
binary coded wire tags, and most were weighed
(in 1994). Procedures usually required less than
1 min per fish, and fish were promptly returned
to the stream either above or below the trap,
as appropriate.
Water temperature was recorded at the
trap in both years. Measurements during 1993
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were made twice daily with a thermometer,
and in 1994 continuous recording dataloggers
connected to thermistors (Onset Instruments,
Pocasset, MA) were deployed. Discharge measurements were secured from the U.S. Geological Survey gauge on Mahogany Creek (USGS
site #10353750) near the reservation boundary.
Data were analyzed using 1- and 2-sample
Kolmogorov-Smirnov tests, analysis of variance
(ANOVA), analysis of covariance (ANCOVA),
linear regression, and t tests. To adjust for allometric growth, log transformations were performed on size data. Statistical analyses compared spawner populations between years, between spawners moving upstream and spent
spawners moving downstream, and between
various groups of juvenile fish moving downstream through the fish trap. Statistical tests
were performed using SYSTAT (Wilkinson
1996) software.
RESULTS
Upstream Spawners
In 1993, from 2 April through 27 May, 1290
fish (653 female, 637 male) moved upstream.
Average FL and weight (n = 385) of fish
migrating upstream during 1993 were 460 mm
(s = 80.4 mm) and 1.127 kg (s = 0.572 kg),
respectively. Weight-length regression (W =
aLb, where W = weight in g and L = FL in
cm) values for migrating spawners were a =
0.027 and b = 2.760 (n = 385). Two peaks in
upstream spawner movement were observed,
the 1st on 9 April (111 fish) and a 2nd on 4–5
May (437 fish; Fig. 2A). These 2 peaks accounted
for >42% of the observed spawning run.
Between 3 April and 5 June 1994, 1255 adult
fish (784 female, 469 male) moved upstream
through the fish trap (Fig. 2A). We tagged and
released most (1223) of them upstream. Average
FL and weight (n = 1245) were 462 mm (s =
78.5 mm) and 1.172 kg (s = 0.553 kg), respectively. Weight-length regression values were
a = 0.024 and b = 2.797 (n = 1245). Maximum
daily number of spawners entering the trap in
1994 (175 fish) was on 17 April. During the
10-d period beginning 14 April, 705 fish (56%
of the total spawning run) moved upstream.
This was followed by a decline in numbers,
although there was a slight increase during
the period 5–13 May when 217 fish (17% of
the total spawning run) moved upstream.
Number of fish moving upstream declined
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Fig. 2. Five-day running mean values of daily Oncorhynchus clarki henshawi count (A), fork length (B), and
average daily temperature (C) at the Mahogany Creek,
Nevada, trap during spawning runs in 1993 and 1994.

rapidly thereafter. We believe our observations
spanned virtually all spawning fish in both
years.
Average size of fish entering the trap showed
similar patterns in both years (Fig. 2B). The
first fish reaching the trap were relatively
small but were quickly followed by the largest
individuals within the first 20 d. Thereafter,
average fish size generally declined over the
remainder of the migration. Overall average
fish length in 1994 (462 mm) was nearly identical to that observed in 1993 (463 mm).
Length-frequency distributions were similar
in both years (Fig. 3), and there was no significant difference (Kolmogorov-Smirnov, P >
0.999). Size distribution in both years differed
significantly from a normal distribution (Kolmogorov-Smirnov, P < 0.01 in both cases). In
1993 both sexes were represented nearly
equally in the upstream run (1.02 :1.0 ),
but the 1994 upstream migration was strongly
female biased (0.58 :1.0 ).
Ratio of male to female fish in adult Lahontan cutthroat trout moving upstream to spawn
(: ratio = 0.587) was higher than adults
moving downstream (: ratio = 0.426). This
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Fig. 3. Size frequency distribution (FL, mm) of adult
Oncorhynchus clarki henshawi spawners at Mahogany
Creek, Nevada, trap in 1993 and 1994. Total run in 1993
was 1290 fish, 1255 in 1994.

suggests that male fish experience higher mortality during spawning.
Downstream Movements
of Spent Spawners
In 1993, 137 adult fish (10.6% of spawners)
moved back to the lake through the trap. In
1994 more than 3 times as many spawners
(434 fish, 34.6%) passed downstream from 26
April through 8 August (Fig. 4). Peak spawner
return was in May. Spent fish passing through
the trap included 129 males and 303 females
(0.43 :1.0 ). Average FL and weight were
441 mm (range = 227–610 mm) and 1.8 kg
(range = 0.1–4.5 kg), respectively, both smaller
than fish moving upstream. ANCOVA of logtransformed weight values using log-transformed length as a covariate revealed a significant reduction in weight in returning fish (F =
7043, df = 1, P < 0.001, r2 = 0.83).
Tags were recorded from 344 (80%) returning spawners in 1994. Most tagged returning
migrants had remained above the trap for
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Fig. 5. Frequency distribution of days spent upstream of
the trap by adult Oncorhynchus clarki henshawi spawners
in Mahogany Creek, Nevada, in 1994. Data are derived
from observations of adults tagged as they passed upstream
through the trap and subsequently were recaptured as
they moved downstream. No differences were detected
between sexes (n = 280).
Fig. 4. Five-day running mean values of spawning adult
Oncorhynchus clarki henshawi moving upstream, postspawning adults moving downstream, and juveniles moving downstream through the Mahogany Creek, Nevada,
trap in 1994. Two distinct groups of juvenile fish are evident moving downstream at different times.

12–28 d (Fig. 5). Some individuals returned in
fewer than 10 d, but more remained upstream
in excess of 30 d (Fig. 5). Females remained
upstream longer if they moved upstream early
in the run (linear regression, b = –0.40, F =
29.68, r2 = 0.09, P < 0.001; Fig. 6). However,
the relatively small amount of explained variation suggests that other factors also affect
results. A similar relationship was not evident
for male fish. Number of days spent upstream
by both males and females was significantly
related to fish length (linear regression, b =
0.06, F = 14.31, r2 = 0.05, P < 0.001; Fig. 7).
Multiple linear regression of day of the year
(January 1 = 1) and 5-d running mean values
for temperature against 5-d running mean values for fish entering the trap during 1994 indicated that both day and temperature were significantly correlated with number of upstream
migrants (Table 1).
Juvenile Movements
Downstream
In 1994 from 27 April through 31 October,
2348 juvenile fish entered the trap from
upstream. Two periods were observed (Fig. 4).
The 1st began in late April while spawning

adults were still moving upstream and continued through late June. Maximum daily total
counts of juveniles in this period were observed
about mid-June. Average size declined over
this period, from >110 mm FL at the beginning to <90 mm FL at the end (Fig. 8). Water
temperature was highest during the period
when downstream movement stopped.
The 2nd period began in early August and
extended through October (Fig. 8). There was
no trend evident in daily numbers of fish comprising this group. Fish in the 2 periods of
downstream movement differed significantly
in length (t test, T = 18.89, df = 91.6, P <
0.001). During the early migration, average
FL and weight of 1188 juveniles were 90 mm
(range = 24–199 mm) and 8.5 g (range =
0.1–71.8 g), respectively, and average size
declined significantly over the period (linear
regression, n = 69, a = 109.3, b = –0.411, F
= 23.4, P < 0.001).
In contrast, 1160 fish in the later period
(Fig. 8) were significantly smaller (average FL
= 42 mm, range = 22–161 mm). Linear regression of fish size over time showed a significant increase over the later period (linear
regression, n = 72, a = –0.68, b = 0.31, F =
119.1, P < 0.001).
DISCUSSION
Similar numbers of fish entered the spawning migrations from Summit Lake into
Mahogany Creek each year. Timing varied
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Fig. 7. Number of days Oncorhynchus clarki henshawi
spawners spent upstream of the Mahogany Creek, Nevada,
trap in relation to fish size (FL, mm) in 1994. Larger fish
tended to spend slightly more time upstream before
returning downstream. There were no detectable differences between sexes.

Fig. 6. Number of days Oncorhynchus clarki henshawi
spent upstream of the trap in Mahogany Creek, Nevada,
in relation to date of passing the trap in 1994. Earlier fish
tended to spend slightly more time upstream before
returning to the fish trap. There were no detectable differences between sexes.

between years, but a relatively large proportion of each run occurred in fewer than 10 d.
Upstream spawner movement was most
prominent when water temperature at the fish
trap exceeded 6°C (Figs. 2A–C), and our results
suggest upstream migrations were associated
with relatively rapid water temperature increase. The correlation with water temperature is supported further by observation in
both years that declining water temperature in
late April coincided with reduced upstream
movement. In a radiotelemetry study of spawning movements of Yellowstone cutthroat trout
(O. clarki bouveri), Brown and Mackay (1995)
also noted increased activity with increases in
temperature. Other workers reported spawning by cutthroat trout at temperatures of
5.0–15.5°C (Varley and Gresswell 1988). Additional factors, such as discharge, densitydependent behavioral interactions, and other
environmental conditions also probably affect
migration timing.
A similar regression performed on 1993
data did not produce a statistically significant
result. The discrepancy may be accounted for
by observation in 1993 that 2 distinct peaks in
upstream movement occurred, and that the

2nd migration in May included more individuals. The 1994 pattern was of a single dominant
migration in early spring (April) with no comparable periods later in the summer. Significant results from 1994 thus should be viewed
with caution; additional data are required to
assess whether number of migrants is related
to day or temperature. These results suggest
that factors triggering fish movement upstream
may vary in complex ways from year to year.
Timing of gonad development and reproductive behavior, for example, are likely to be
affected by multiple intrinsic and extrinsic factors. Our observations are consistent with suggestions that cutthroat trout exhibit a wide
range of spawning behavior and life history
strategies (Gresswell et al. 1994) as adaptations to different habitats (Brown and Mackay
1995) or to temporal variations in habitat quality (Nelson et al. 1987).
Spawning mortality was high in Mahogany
Creek, and observed values (89% and 65% in
1993 and 1994, respectively) were outside the
13–60% range for spawning mortality rates
reported for various populations of other subspecies of cutthroat trout (Platts 1959, Bjornn
and Reiser 1991, Brown and Mackay 1995). It
is not clear why the mortality rate was so much
higher in 1993. High mortality may be related
to somewhat later timing of the peak episode
of upstream migration (Fig. 2A) or residual
impacts of the previous year’s drought. Mean
fish size was slightly larger in 1993 (Fig. 3). This
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TABLE 1. Results of multiple linear regression analysis of 5-day running mean Oncorhynchus clarki henshawi spawner
catches in 1994 at the Mahogany Creek, Nevada, fish trap against Julian day and 5-day mean temperature in 1994.
Variable
Constant
Julian day
5-day temp
Source
Regression
Residual

Coefficient

sx–

T

P

111.87
–1.17
8.07

15.54
0.16
1.25

7.20
–7.46
6.47

<0.001
<0.001
<0.001

SS

df

MS

F

P

r2

14876
15348

2
58

7438
264

30.05

<0.001

0.509

Fig. 8. Daily count of juvenile Oncorhynchus clarki henshawi moving downstream through the Mahogany Creek,
Nevada, trap, and daily mean fork length (mm) of juvenile
fish during the 1994 spawning run. The distinct size difference of the 2 different groups of moving juveniles is
evident, as is the mean size decrease during the earlier
movement and size increase in the later.

could be a result of fish delaying spawning
from previous drier years (Fig. 9), making
returning spawners potentially older than those
in 1994.
Downstream movement of juveniles
occurred during 2 distinct periods (Fig. 8). An
early group passed through the trap at the
conclusion of the spawning run in May and
June. It was composed of approximately 1100
fish with an average FL of 90 mm. The 2nd
group of juveniles comprised smaller-sized
individuals (avg FL = 42 mm) that passed
through the trap from August through October. Size and timing differences indicate the
1st group was probably produced in 1993 and
had overwintered in Mahogany Creek. The

Fig. 9. Mean daily discharge of Mahogany Creek,
Nevada, from 1987 through spring 1995. Data reported
here include runoff in 1993 and 1994. These 2 yr differed
substantially in total discharge and were the concluding
years of an 8-yr drought in the area.

decrease in average size of juvenile fish moving downstream during the spring and early
summer (April–July) was unexpected, and we
have no explanation for this pattern. The 2nd
group of fish moving downstream (July–October) was young-of-year produced in 1994.
Although not noted at the time, 2 size classes
of juvenile fish were evident in data collected
in 1990 (Cowan 1991).
Examination of cumulative rate of juvenile
fish passage (Figs. 4, 8) indicates a significant
pulse of fish moving downstream during spring
and early summer from late April through
July. This pulse built quickly to a peak in late
May and then subsided; average fish size
declined over the pulse. In early August, after
this episode had concluded, another period of
juvenile fish movement began. However, in
this case the number of fish moving into the
fish trap each day was relatively stable. A pattern of early summer movement suggests a
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response to different environmental factors in
spring than in autumn. If we assume such
downstream migrations are typical of this population, it is possible to estimate number of
juvenile fish entering the lake on an annual
basis. During the 3-month period from August
through October, approximately 13.5 fish per
day passed downstream through the fish trap.
If fish continued to move downstream for 6–8
months at the rate observed in autumn, this
could add approximately 2400–3300 juvenile
fish into the lake. The actual number of fish
moving into the lake is probably closer to the
smaller figure because low temperatures and
ice in Mahogany Creek are likely to reduce
movements of juvenile fish during the heart of
winter. If the pulse observed in late spring is
typical, this might provide another 1000–2000
juveniles. This yields an estimated 3000–5000
juvenile fish entering Summit Lake annually.
In the 2 yr of our study the spawner population averaged approximately 1270 fish. Average number of females from both years was
723. Fecundity of fish 460 mm long would be
approximately 2700 eggs (Sigler and Kennedy
1978). This would yield approximately 1.9 million eggs.
Future work at Summit Lake should retain
operation of the Mahogany Creek fish trap to
identify movements of large and small fish in
both directions and should continue for as
much of the year as the site is accessible.
Intensive monitoring is consistent with recovery goals for Lahontan cutthroat trout (Coffin
and Cowan 1995). There are many aspects of
population demography of lacustrine and fluvial populations of Lahontan cutthroat trout
that are poorly documented. Long-term studies of spawning behavior and reproductive
success should assist in understanding cutthroat trout ecology and in developing models
of population dynamics.
ACKNOWLEDGMENTS
Funding for the study was provided by
Summit Lake Paiute Tribe. We also thank Jack
Piccolo and Glen Meron, former directors of
fisheries for Summit Lake Paiute Tribe, for help
and support. We acknowledge financial support
from the Biological Resources Research Center,
University of Nevada–Reno, in covering publication charges.

[Volume 60

LITERATURE CITED
AMERICAN PUBLIC HEALTH ASSOCIATION. 1971. Standard
methods for the examination of water and waste
water. 14th edition. APHA, New York.
BEHNKE, R.J. 1992. Native trout of western North America.
American Fisheries Society Monograph 6. American
Fisheries Society, Bethesda, MD. 275 pp.
BENSON, L.V. 1978. Fluctuations in the level of pluvial
Lake Lahontan during the last 40,000 years. Quaternary Research 9:300–318.
BENSON, L.V., AND R.S. THOMPSON. 1987. Lake-level variation in the Lahontan Basin for the past 50,000 years.
Quaternary Research 28:29–85.
BJORNN, T.C., AND D.W. REISER. 1991. Habitat requirements in streams. Pages 83–138 in W.R. Meehan,
editor, Influences of forest and rangeland management on salmonid fishes and their habitats. Special
Publication 19, American Fisheries Society, Bethesda,
MD.
BLANKENSHIP, H.L., AND J.M. TIPPING. 1993. Evaluation of
visible implant and sequentially coded wire tags in
sea-run cutthroat trout. North American Journal of
Fisheries Management 13:391–394.
BROWN, R.S., AND W.C. MACKAY. 1994. Spawning ecology
of cutthroat trout (Oncorhynchus clarki) in the Ram
River, Alberta. Canadian Journal of Fisheries and
Aquatic Science 52:983–992.
CHANEY, E., W. ELMORE, AND W.S. PLATTS. 1990. Livestock
grazing on western riparian areas. U.S. Environmental Protection Agency, Northwest Resource Information Center, Inc., Eagle, ID. 45 pp.
COFFIN, P.D., AND W.F. COWAN. 1995. Lahontan cutthroat
trout, Oncorhynchus clarki henshawi, recovery plan.
U.S. Fish and Wildlife Service, Portland, OR. 147 pp.
COWAN, W.F. 1990. Interpretation of pertinent statistics
concerning the Summit Lake fisheries management
program, 1968–1990. Unpublished report, Summit
Lake Paiute Tribe, Winnemucca, NV. 7 pp.
______. 1991. Fisheries management services contract
#CTH61t65501 annual report, fiscal year 1990.
Unpublished report, Summit Lake Paiute Tribe,
Winnemucca, NV. 79 pp.
CURRY, B.B., AND W.N. MELHORN. 1990. Summit Lake
landslide and geomorphic history of Summit Lake
basin, northwestern Nevada. Geomorphology 4:1–17.
DUNHAM, J.B. 1996. The population ecology of stream-living Lahontan cutthroat trout (Oncorhynchus clarki
henshawi). Doctoral dissertation, University of Nevada, Reno. 115 pp.
EVANS, D.H. 1969. Life history studies of the Lahontan
redside, Richardsonius egregius, in Lake Tahoe, California. California Fish and Game 55(3):197.
GRESSWELL, R.E., W.J. LISS, AND G.L. LARSON. 1994. Lifehistory organization of Yellowstone cutthroat trout
(Oncorhynchus clarki bouveri) in Yellowstone Lake.
Canadian Journal of Fisheries and Aquatic Science
51(supplement 1):289–309.
HARTMAN, G.F., T.G. NORTHCOTE, AND C.C. LINDSEY. 1962.
Comparison of inlet and outlet spawning runs of rainbow trout in Loon Lake, B.C. Journal of the Fisheries Research Board of Canada 19:1783–2000.
LARIVERS, I. 1962. Fish and fisheries of Nevada. Nevada
State Fish and Game Commission, Carson City.
Republished 1994, University of Nevada Press, Reno.

2000]

CUTTHROAT TROUT SPAWNING AND MIGRATION

MIFFLIN, M.D., AND M.M. WHEAT. 1979. Pluvial lakes
and estimated pluvial climates of Nevada. Bulletin of
the Nevada Bureau of Mines and Geology 94:1–57.
NELSON, R.L., W.S. PLATTS, AND O. CASEY. 1987. Evidence
for variation in spawning behavior of interior cutthroat trout in response to environmental uncertainty. Great Basin Naturalist 47:480–487.
PLATTS, W.S., AND R.L. NELSON. 1988. Fluctuations in
trout populations and their implications for land-use
evaluation. North American Journal of Fisheries
Management 8:333–345.
REEVES, G.H., F.H. EVEREST, ET AL. 1987. Interactions between the redside shiner (Richardsonius balteatus)
and the steelhead trout (Salmo gairdneri) in western
Oregon: the influence of water temperature. Canadian Journal of Fisheries and Aquatic Science 44:
1603.

341

SIGLER, W.F., AND J.L. KENNEDY. 1978. Pyramid Lake ecological study. W.F. Sigler & Associates, Logan, UT.
SNYDER, J.O. 1918. The fishes of the Lahontan system of
Nevada and northeastern California. Bulletin of the
U.S. Bureau of Fisheries 35:31.
TAYLOR, D.W., AND G.R. SMITH. 1981. Pliocene molluscs
and fishes from northeastern California and northwestern Nevada. Contributions of the Museum of
Paleontology, University of Michigan 25:339–413.
VARLEY, J.D., AND R.E. GRESSWELL. 1988. Ecology, status
and management of the Yellowstone cutthroat trout.
Symposium of the American Fisheries Society 4:
93–106.
Received 30 January 1998
Accepted 27 July 1998

